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Geology and Mineral Resources of Kansas. 

t 

BY BOBBBT HAY, F.a.S.A. 

[Note.— In the First Biennial Report of^this Board, 14 years ago, Prof. B. F. Madge, and, in the 
Third Biennial, Prof. Orestes St. John, expounded the geology of Kansas as then known. There has 
been increase of our knowledge since that time, and it was intended here to make a full note of the 
bibliography of the subject, but it would unduly increase the length of this paper; and it is the less 
necessary as the writer gives scarcely a fact that is not within his own knowledge, or is verified by di- 
rect reference to authors.] 

TOPOGRAPHY. 

The general character of the topography of Kansas is simple. ^A glance at the 
map shows that the direction of the streams is easterly, with a trend to the sonth. 
This shows that the general slope of the region is from the west towards the Missis- 
sippi river. It is a part of the great plains. The elevation of the land near the 
eastern line of the State is about 1,000 feet; bnt this is reduced, where the rivers ont 
the boundary, to 750 feet at Kansas City, 800 feet at Fort Scott, 817 feet at Ghetopa, 
and to 734 feet above sea level at Coffey ville. On the west line of the State, the 
greatest elevation, which is sonth of the Smoky Hill valley, is a little over 4,000 f eet, 
which is reduced where the Republican, Smoky, Arkansas and Cimarron enter the 
State from Colorado. There are no mountains. The valleys are all valleys of ero- 
sion, and about their sides are hilly districts — some rugged with fantastic forms* 
others with flat-topped mounds and long promontories. The prairie of the inter- 
fluvial spaces is level or gently rolling, with the gradual westerly rise. The valleys 
of the eastern third of the State often present rocky, precipitous escarpments, and 
are picturesque with abundance of timber. The middle third has but little native 
timber, but now has numerous plantations and orchards. The western part may be 
said to be destitute of timber, but plantations made by settlers are beginning to 
vary the grassy plains. It is trite to say that the topography is dependent on the 
geology, but it generally takes something more than passing observation to see this» 
The map gives 'several illustrations. The great bend of the Arkansas southerly and 
the narrowing of its valley before leaving the State are due to the opposition of the 
harder beds of the carboniferous rocks which dominate the flint hills ; and the same 
is true of the Republican, which has cut through the flint beds near Fort Riley, where 
it is reinforced by the waters of the Smoky. The high prairie is from 200 to 500 
feet above the neighboring valleys; but these differences of elevation are less as we 
go west. Between the Smoky and Arkansas is a large basin area, without surface 
outlet. There are similar smaller areas in the northwest, all of which are related ta 
the latest geological changes. We now proceed to general 

GEOLOGY. 

Persons not versed in geological studies are apt sometimes to question thus: *'If 
there is coal or salt or gypsum in Barber, Ellsworth, Brown or Bourbon county, 
why not in Chautauqua or Cheyenne, Bush or Riley ? " It is because such minerals, 
though widely distributed, are confined to certain formations or groups of forma- 
tions. To understand, then, the mineral resources of Kansas, it is necessary to have 
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some knowledge of the order in which the rook formations are found. Snoh sys- 
tematic knowledge is GEOiiOGY. We shall, as briefly as is consistent with clearness, 
present the geologic order of the formations, so that the exposition of the occur- 
rence of the minerals which are now being mined or quarried for our use may be 
properly understood. 

Kansas is a large State. Its geological structure is not discovered in a day. 
Only in the years 1864-'65 was there any continuous e£fort made by the State au- 
thority to ascertain its geologic structure — its mineral wealth. Since then, a few 
seasons' work by a member of the United States Geological Survey, a little work at 
different times by earnest geologists on their own account, some investigations by 
the Kansas Academy of Science, and occasional work under the auspices of the State 
Board of Agriculture, have been the means of increasing our geological knowledge 
of the State. There have been some thousands of prospect holes drilled or digged all 
over the State, some of which have had success in developing some mineral industry, 
but by far the greater number were efforts utterly wasteful, not even contributing to 
our knowledge of the rocks beneath the surface, as the drillers preserved no record 
of the strata passed through. Some records have been preserved, aud these, in the 
hands of geologists, have aided in making systematic the knowledge we now possess. 

There are two great classes of rocks, which are based on their origin. They are 
lONBOUs and aqubous. The former, sometimes called PiiUTONio, or, in reference to 
their relative age, abohsan, are at the bottom of all other rocks, or are protruded 
through them in mountain chains or peaks. The surface geology of Kansas knows 
nothing of them, not even of the more recent forms, as lava or trap. In two places 
only in the State have igneous rocks been reached beneath the surface: one in the 
southern part of Woodson county, where, many years ago, some quartz found on the 
surface led some persons to prospect for silver and gold I There some igneous rock 
was found only a few scores of feet beneath the surface, as if there had, in a small 
area, been soine protrusion from below before erosion had cut the surface down to 
its present level. More recently, the drill at Paola, at a depth of 2,100 feet« having 
passed through all the stratified rocks of the region, entered igneous rocks of the 
granite type, in which it remained 400 feet. 

The aqiLeous rocks are otherwise called stratified because they are found in strata 
or layers, lying one above another, the bottom ones being the oldest. These are 
grouped together for convenience of nomenclature, and Dana gives the following 
as the principal divisions: 

Quaternary, or age of man. 
Tertiary, or age of mammals. 
The age of reptiles. 
Carboniferous age. 
Devonian, or age of fishes. 
Silurian, or age of invertebrates. 

Another grouping, with regard to the fossil forms, as related to their modern or 
ancient appearance, is indicated by the terms: 

Oenozoic, including tertiary and quaternary rocks. 

Mezozoic, including the reptilian age. 

Paleozoic, including carboniferous, Devonian and Silurian. 

All of these are again divided and subdivided. The mezozoic has three main 
divisions, and the tertiary three. It will be seen from the following tabular form 
that some of these are missing in Kansas, none below the sub-carboniferous being 
on the surface in the State (though Silurian rocks have been reached by the drill in 
some deep holes in the eastern counties), and some mezozoic and cenozoic groups 
are absent: 
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THB BOOKS OF KANSAS, IN DBBOBNDING OBDXB. 



PBOF. mudob's STATBMBHT (1878). 


PBESEITT KKOWLBDOB (1892). 
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Comanche Peak beds. 
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fThe red-beds. 

Permian ■{ Salt measures. 

Upper Fort Riley beds. 
Permo- f Lower Fort Riley beds, 
carboniferous \ Manhattan beds. 


900 feet. 


800 feet. 
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! 


600 feet. 


Coal measures. 


Upper coal measures. 
Lower coal measures. 


150 feet. 

1 


Sub- 
carboniferous. 


Sub-carboniferous (Keokuk). 


150 feet. 



We will briefly describe the main oharaoteristios of the epochs as we now know 
them, first noting that the only considerable errors in the estimates of thickness in 
Professor Mndge's statement are due to the fact that the western part of the State 
had been very slightly explored, and the region of the red-beds was entirely unknown. 
The dip of the strata, generally, from the east to past the middle of the State, is 
west by north. This was assumed to continue, and as the elevation of the surface 
was known to be greater on the west line, and as the existence of the shales of the 
Montana gronp was not suspected, the greater thickness of the tertiaries was a 
natural conclusion. Professor Mudge had begun to think that some beds would 
ultimately be classed as miocene. 

SUB - O ABBONIFBBOnS. 

The rooks of this epoch are confined to one division — the Keokuk — which is in the 
tipper part as developed elsewhere. It consists of massive beds of somewhat porous 
limes1(One, though in places it is sufficiently compact to be used as a building stone. 
Scattered through it, in parts quite numerously, are dark, fiinty nodules. Many 
are almost pure fiint, but most are of the less pure variety known as chert. Beds 
of chert, or cherty limestone, are also intercalated with the thicker beds of limestone. 
In many parts both the limestone and the chert contain the characteristic fossils of 
the age. The surface of this formation was eroded by long exposure as dry land 
before the coal measures which followed were laid down upon them. This is seen 

—2 



Geology of Kansas. 



in the irregularity of the bottom of the measures. There is a small patch of the 
ooal measures in a hollow east of the Spring river, at Baxter Springs, sorroonded at 
higher levels by the limestones of the Eeoknk. And, again, there is a larger area ot 
the ooal-measnre formations on the top of a considerable elevation across the Mis- 
souri line, just east of Joplin. Besides its irregularity of surface contour, the Keo- 
kuk has been disturbed by seismic agencies. In places — as at Galena — some of its 
limestone beds are tilted at a considerable angle, and the contained cherty beds 
have been broken into sharp fragments. It is here that the lead and zinc ores are 
found. The mode of their occurrence will be discussed further on. The area that 
the sub-carboniferous outcrop occupies in the State is very small. The southeast 
corner of the State — less than two townships of Cherokee county, and approxi- 
mately bounded on the west by Spring river — is the region that now occupies so 
prominent a place in public attention on account of the abundance of the ores 
above mentioned. 

This Spring river line is an important one. Roughly parallel to it are the out- 
crops of the other formations in the State to the extreme west, which will be seen 
by reference to the map. Following the topography of the surface, these outcrops 
are at successively greater elevations. With exceptions due to erosion, this line of 
the Spring river, carried north by east into Missouri, and south by west into the 
Indian Territory, is the eastern boundary of the 

OOAIi MBASUBXS, 

Which we shall now consider. These lie unconformably on the eroded surface of 
the Keokuk, but there is no such separation of unconformity between the coal meas- 
ures and the Fermo-carboniferous, or of them and the Permian. They pass 
gradually into those above, the fossils and the lithology being alike on a gentle 
gradient. The formations at the top of the series are, however, vastly different 
from those below, and merit the distinction of names, though the dividing lines are 
somewhat arbitrary. 

The coal measures consist of three kinds of rock formations ^sandstones, lime- 
stones, and shales. In these are enclosed the beds of coal, which do not occupy any 
where more than one-twentieth of the thickness assigned to the coal measures, and 
over large parts of the area there is no coal at all. Still a few square miles, with 
one bed of ooal 80 inches thick, would be a rich district, and there are several such 
districts in eastern Kansas. The bottom of the lower coal measures is the rie?iest hori- 
zon of the formatums. It is in this horizon, not far from the Spring river boundary, 
that we have the Weir Oity and Scammon coal field, of Cherokee county, and the 
neighboring coal fields of Frontenac and Pittsburg, in Crawford county. The Fort 
Scott or Mound coal of Bourbon county, is higher in the same division. A thin 
seam in the northwest of Bourbon county, I should place near the top of the lower 
ooal measures. A thick bed of limestone in the west of Bourbon, which slopes down 
to the Neosho river in Allen and Neosho counties, and passes into Montgomery, may 
possibly be regarded as the top of the lower ooal measures. The Thayer ooal seam 
and one at Howard and Stockton, which latter is possibly near the horizon of the 
ooal of Osage and Shawnee counties, may all be called in the upper coal measures, 
whose upper limit may be found in the strata which cross the Kaw valley west of 
Wamego. Still some seams of ooal are found at higher horizons, though they are 
thin and of little use. Examples are found in the north of Pottawatomie county, 
and in the strata of the Fort Riley section, on Humboldt creek, in Geary county. 
The Leavenworth coal, found over 700 feet deep, is in the lower ooal measures. The 
recent borings at Alma, McFarland, and Cherry Vale, though revealing no seams of 
thickness workable at the depths reached, also illustrate the fact that the best place 
for coal is at the bottom of the ooal measures. 
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The ooal measures contain more persistent beds of sandstone than are fonnd in 
any other group in Kansas except the Dakota. Sandstones are more .variable, 
where of any great extent, than limestones, and often change into arenaceous shales^ 
and these again to clay shales or back to sandstone. This is also true of their 
thickness. If beds have considerable vertical extent, they are frequently separated 
by partings of arenaceous shale, which in places are several feet thick. The coal 
measures of southeast Kansas are, however, characterized by three very persistent 
sandstone horizons, and they probably also extead north of the Eaw river, though 
there more hidden by quaternary formations. They are partially revealed in Shaw- 
nee and Douglas counties, and there is a small area in Nemaha and Pottawatomie. 
The sandstones of the southeast are, however, so well marked that they have become 
of great economic value. A brief account of the succession of strata in the region 
under discussion will be in order. 

At Nevada, in Missouri, and on Dry Greek, some miles nearer Fort Scott, in Kan- 
sas, there is a sandstone from 50 to 80 feet thick. It enters the State south of Lib- 
eral, in Crawford county, and is developed over more than half of Cherokee county, 
where it yields flags of fair quality, and some thicker beds on the southern mounds. 
East of Fort Scott it becomes covered with light clay shales, and these in turn by 
the two seams of coal and the limestone bed known as the "cement rook," which is 
four or five feet thick. Another covering of shale of a few feet, and we begin to get 
the rough layer limestone which is seen in Fort Scott city, and develops further west 
into the heavy beds of Pawnee and Paint Creek, 70 feet thick. Above this, further 
west, come more shales, which quickly change into sandstone, and we have a broad 
sandstone plateau, stretching from the Little Osage river through Bourbon, north- 
west Crawford, into Labette county. It is the flagstone plateau. It has the famous 
quarries of Bandera, Gilfillan, and Pawnee. Above this is the thin coal seam and 
some shales, and then the mounds and promontories on the Bourbon-Allen county 
line are capped by the heavy, massive limestone that slopes westerly to the Neosho, 
and which contains the lola marble beds and probably those of Montgomery county. 
West of this is another sandstone horizon, yielding the flags of Tates Center and 
the heavy beds at Fall River. The tracing of the eastern limits of these various 
beds north and south has not been done except in parts, and it is only provisionally 
assumed that sandstone in Miami county is about the same horizon as that at Yates 
Center. On the west line of Woodson the thin seam of coal is covered by a ledge 
of limestone, above which again are shales and another sandstone, which have been 
out through by the Verdigris river to this coal horizon. ( See section.) A section 
somewhat simi- 
lar to this, made 
through the 
southern tier of 
counties, would 
show a similar 
succession of 
strata, with a 
general thicken- 
ing of the strata, 

and illustrations of the changes which take place in the same horizon. For example, 
the bed of Mound coal so conspicuous near Fort Scott, with its accompanying cement 
bed, crops out on the bank of the Neosho river in Labette county, a few miles north of 
Oswego, but the coal is no longer coaL It is a hard, black slate, of no value as fuel. 
Other coal seams not far from the same horizon have a local development. Another 




Section showing scindstones from east of Fort Scott to the Verdigris. 
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fact as to the ooal beds should be borne in mind. None of them has a yery great 
extension at right angles (nearly east and west) to the Spring river trend. The 
Cherokee seam, on which the Pittsburg and Weir City ooal fields are situate, extends 
north by east into Missonri, and in the opposite direction into the Indian Territory, 
bat it is only three or fonr miles wide. The Stockton ooal is probably carried 
through Osage connty and north of the Kaw riyer, in Jefferson oonnty, bat the 
greatest width of the coal field in Osage is only eight or ten miles. 

PSBMO-OABBONIFSBOUS. 

The rooks of this series are foand from the northeastern coanties, Brown, Ne- 
maha, and Marshall, to the soath line of the State, in Ghaataaqaa and Oowley. The 
name has been given because there is a change in thei lithology, both of the lime- 
stone and shales, to those of a Permian type, while some of the coal-measure fea- 
tures are still retained. This is more true, however, of the fossils. Goal-measure 
forms are carried well up into the Permian, and so-called Permian forms begin in 
the top of the coal measures. What I have called Manhattan beds in the geological 
scheme I have not had the opportunity to work out in detail. I may say that they 
contain limestone, having some good building stone, and some buffy, limy shales 
that make good hydraulic cement. They also have the gypsum beds of Marshall 
county and Pottawatomie. They, with a very gentle dip, disappear to the west 
uuder the Fort Riley beds, which, as a whole, include at the top the beds (Nos. 11, 
12, 13 and 14 of the section) which I have called Permian, on the authority of the 
Russian geologist, Professor Tchernichew, who visited the lieighborhood of Fort 
Riley in the summer of 1891, in company with H. S. Williams, of Cornell University, 
and who recognized these beds as similar to typical beds in his own country, whence, 
in the province of Perm, they had their name. We give the whole section, as follows : 

FOBT BIIjEY SBOTION. 



Strata, 



., J ( Impure limestones, with some flints and nu- ) 

( merous geodes j 

13. Light colored shales, with lavender flag beds 

^„ ( Buff limestones with shale partings, changing) 
( to shales with limestone ledges j 



11. 

10. 
9. 

8. 

7. 
6. 
6. 



4. 



3 

2. 
1. 



■) 



The Fort Biley main ledge. A bufF magneslan*] 
limestone in one thick ledge, with a thinner i 
ledge resting on it. In places the ledges are [ 
continuous up into the layers of 12 J 

Shales, light colored and laminated. 

The upper flint beds. Limestones containing) 
numerous flint nodules, and separated by defi- >■ 
nite layers of fliuts ) 

Shales, edternate colors, gray, greenish, maroon, 
brown 

Limestone. The mid-shale bed, varying from a 
laminated, flaggy layer to a solid building 
stone four feet thick 

Shales, alternate colors, as No. 8 

The lower flint beds. The Wreford limestone. 
Flints as in No. 9. Parts of the beds are sil 
icified in localities as if by Infiltration 

Shales. Bands of maroon and greenish gray, / 
with a seam of coal on Humboldt creek. ) 

Limestone in cuboldal or rhomboidal blocks. 
In places oOlitic A seam of coal under it on 
Humboldt 

Shales, and buffy slate 

Slate, bluish and hard. . . , 



^S 



Fossils. 



A uniyalye 

Athyris, pecten, pleurophorus. . 

''Pecten, nautlloldea, athyris, 
meekella, hemipronites, 
martinia, fenestella, euom- 
phalus, synodadia, schizodus. 

( Pecten, allorlsma, martinia, 
< athyris, retzla, hemipronites, 
( synocladia, fenestella 

Producti, allorlsma, chonetes. . . 

5 Producti, chonetes, allorlsma, 
( martinia 



No fossils 

( Planorbis,and another univalye, 

•< allorlsma, meekella, myalina, 

( hemipronites, producti, etc . . 

No fossils 

iCrlnoids, syntrilasma, atilyris, 
retzla, pinna, meekella, pro- 
ducti, cup corals 

No fossils 



Occasional discinsB. 



Thickness. 



10 feet. 
60 to 60 ft. 



30 to 40 ft. 

6 feet. 
15 ** 

26 to 30 ft. 
30 feet. 



6 »» 
16 *• 



26 •' 

16 •' 

10 •• 

10 ** 



A few miles west and southwest of Fort Riley and Junction City the eroded 
surface of these upper beds, as low as No. 12, begins to show fragments of creta- 
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oeons sandstones (Dakota), and in Clay, Washington and Saline oonnties the 
Dakota beds are in place on these bnfPy limestones and shales. No. 5 is worked for 
lime at Wreford, in Geary coanty, and in the Neosho valley in Morris oonnty, and it 
crops oat near the top of the blnffs on the east of Three Mile oreek, on Fort Riley 
military reservation. West of Three Mile oreek, No. 11 begins to show at the top of 
Sheridan Bluffs, overlooking the old city of Pawnee. It is seen as a bold ledge in 
Grant Cliff, on the other side the Eaw river, and in Sherman Heights, on the Repab- 
lioan side of the reservation, and for many miles in bold points np the Smoky and 
Lyons oreek, and over the divide, in the Neosho valley of Morris oonnty. Doctor 
Hayden noted its topographic prominence 40 years ago. It is there in the Cotton- 
wood valley and on the Walnut, in Cowley coanty. It is this ledge and the thinner 
ledges of No. 12 that yield the light-baff, soft-working bnt solid building stones of 
Junction City, Strong City, Florence, and Winfleld. The rocks of this series persist 
across the State. Nos. 5 and 9, coming to the surface, give character to the flint 
hills of several counties. It is at the top of 13 or in 14 that saccharoidal gypsum 
of Saline county occurs, and probably also the more selenitiferous beds of Washing- 
ton county and Sedgwick county. 

We have mentioned that north and west of Fort Riley the Dakota sandstones 
oome on the buff and lavender Permian beds. This is not so in the southern part 
of the State. In the north, the sinking of the sea bottom, which had allowed the 
oontinned succession of the beds from the beginning of the coal measures, was 
arrested, and elevation began. A coast line was formed, and land surfaces began to 
be eroded till the time of the Dakota. In the south, however, subsidence still con- 
tinued, and the 

SAIjT mbasubbs 

were deposited in shallow waters, probably coast lagoons and land-looked bays, 
where evaporation was as powerful as in the Red Sea or tropical regions of to-day. 
There is a little limestone; bnt besides the salt the salt measures consist of light and 
dark gray shales, themselves more or less impregnated with salt. Over a large part 
of the area where they are known to exist, fully half of their 300 feet of thickness 
is solid salt. These beds outcrop in Sumner county, where the salt has been largely 
leached out. The rest of their eastern margin is hidden. They do not come be- 
tween the upper Fort Riley beds and the Dakota at Salina or McPherson, but they 
are in force at Kanopolis, Ellsworth, Lyons, and Hutchinson. The exact eastern 
margin north of Wellington will only be revealed, if ever, by the drill. The western 
and northern extent can only be learned by the same methods. The pivotal line of 
oscillation, about which the northern Permian rose and the southern beds continued 
to sink, is an interesting object for future investigation. 

THE BED-BEDS. 

The strata, which from the top of the salt measures to the plateau above the 
gypsum in Barber county, are over 800 feet thick, and are so conspicuous for their 
brownish ruddiness, form the country rock from the east line of Harper, Kingman 
and Reno counties, in a triangular area, stretching to its greatest length on the State 
line to west of the 100th meridian. There are, perhaps, 4,000 square miles, much 
of which, especially in the northern part, has the red strata hidden beneath the 
'* plains marl'' and other tertiary and quaternary formations; but the beds appear 
in every river valley — in every deep ravine. The more northern appearances are 
on the north fork of the Ninnesquah, and, to a small extent, near the great salt 
marsh in Stafford county. They also appear well defined on the east side of Cow 
creek, north of the Arkansas river, northeast of Niokerson. Certain strata showing 
in the bank of the Smoky Hill river, near Lindsborg, and also on the head of the 
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Cottonwood, 18 miles east by soath of Lindsborg, thoagh somewhat different from 
the average red-bed ontorop further sonth, I refer with some reservation to the 
same epoch. As a description of this red-rock country, I will repeat some para- 
graphs written some years ago: 

**The whole country is red. The soil, even where it contains much carbonaceous 
matter, is ruddy; the sedentary soil just forming on the steeper slopes is ruddier; 
flooded rivers glance in the sunlight like streams of blood; steep bluffs and the sides 
of narrow cafions pain the eye with their sanguine glare. 

'* Some buildings in the town of Harper are built of a brownish-red stone, which 
is obtained from quarries sonth and southeast of the city. Here and elsewhere the 
harder ledges are from two to 18 inches thick, and they are intercalated with arena- 
ceous clays and clay shales and clays of richer color. The hard ledges are persist- 
ent for long distances, and give a definite contour to weathered bluffs and ridges* 
The clays are frequently of such toughness as to resist the weathering agencies as 
well as the harder ledges, which are sufficiently laminated and jointed to prevent 
their overhanging. Hence, there are red walls by the streams which are absolutely 
perpendicular. A specimen of one of the harder laminated layers from eastern 
Barber county and a specimen of sedentary soil formed from that and adjacent 
ledges have been submitted to G. H. Failyer, professor of chemistry at the Kansas 
State Agricultural College, who says: 'Both are strongly ferruginous, both rich in 
calcium carbonate. The stone is an impure limestone, containing ferric oxide, clay, 
and sand. Of course the soil contains the two latter in excess.' The ledges hard 
enough to supply building stone are comparatively rare. The thinner laminas very 
frequently exhibit ripple marks, rain drops, and other signs of a littoral formation. 
Not unf requently the upper surface of a lamina is brightly glazed, and at the foot 
of the bluff out of which a glazed specimen is taken may be found occasionally an 
illustration of the method of its formation in the glazed surface of dry red mad 
recently deposited from the overflow of a little stream, washing the material both of 
the deposit and the glaze from the cliffs where it has so long been solidified. 

*' The whole country increases in elevation westward and northward. There is an 
undulation of the dip which is not often perceptible, with an average inclination 
westward of very small amount, while in some parts of 'the western half of the area 
there are local depressions southward as well as eastward. The elevation of the 
country, combined with the average dip, gives increasing thickness to the Jura-Trias 
as we proceed westward. 

"It will be seeu from the map that the Medicine river, at Medicine Lodge, turns 
suddenly southward. The reach of the river above that place gives a section from 
the cretaceous formations above far down into the red rock. The lower reach of 
the river, to the State line and beyond, exhibits a section across the red rock. The 
eastern side is flanked by the Cedar mountains, or hills, whose sides are scored by 
cafions, not deep, but narrow, with sides perpendicular, and with ridges and amphi- 
theaters carved and pinnacled like oriental temples. West and south of the river 
are the Gypsum Hills. 

**The Gypsum Hills form the striking feature of the red-rock country. Through- 
out the entire region the laminated, arenaceous, ferruginous limestone has in it 
globose spots of greenish white. This is apparently a fine sand. The spots, in 
many places regularly distributed and like small peas in size, sometimes aggregate 
into streaks. Occasionally the streak becomes a layer. One of these layers, south 
and west of the Medicine river, becomes persistent over a considerable area. The 
erosion of the valley has left this layer nearly at the top of the area in which it 
appears, which shows as an irregular plateau, sloping east and north to the river. 
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T)ie layer 1b, Id Ua ontorop, bleaahed, and in maaf plaoea hfts (he oooaistenoy of 
BCone. We therefore call this the white eandatone pUteaa. This plateaa 1b oat by 
deep oaQoDs, and its spaFs oeeaBionBll; tetminate at the river as perpendloolar led 
walls, from 20 to 80 feet high. The nppar reach of the river valley narrows westerly, 
and the platsaa naFroirs with it. The lower valley broadens sontbarly, and the 
platean increases with it. In neither direotion is the platean very wide. In the 
lower valley, the western boundary of the while sandstone plHlean ia a solid wall of 
red rook, rising above it nearly 200 feet, Barmonnted by a great white ooping of 
gypaam, from 13 to 16 feet thick. The wall rnns sonthward for several miles, with 
some opanings, and termlnateB abruptly, by a tarn directly wast. Northward, its 
termination is a bold promontory, and the nsok, with gypsam absent from it in 
places, is only wide enough on the lop for one person to walk. From this point the 
wall retreats, forming a hnge amphitheater, with isolated battes, and towers, and 
caps, and all np the western valley towers, pinnacles and buttreBses are repeated, 
advancing towards or retreating from the river. Approached nearer, the lightB and 
ebadowB on the gypsnm have the appearance of qnaint gables and mansard roofs. 
Where the gypBOm haa disappeared, single peaks are capped by projecting layers 
of the red rook. The bntte I have called 'Uansard' Is within the amphitheater, on 



UaD9ud MouDd, Oypeum HIIU, Barber oouaCy. 

" In ascending to the gypscm, we find that the red rook gives way frequently to 
seams of selenite and laminated layers of greenish sandstone. Again are fonnd 
harder layers of the red rook, and anon seams of nearly transparent satin spar 
(fibrous gypsum), one of which ia persistetit for a great distance, and two inches 
thick. These are in strata of clay or shale. Both the sandstone and satin-epar 
layers are ripple marked. The top reached, wa find all these piunaclsB and bnttes 
are bnt tha remains of another plateau, whoee floor was this solid gypsum, whioh 
stretches away to the sooth and west, broken by broad valleys and profound ca&ons, 
reappearing beyond the Cimarron, on the Caaadiaa and Ked rivers, and on tha 
edgee of the Llano Eslaoado. ViewB in Mercy's report of the Red River expedi- 
tion, in 18S2, would serve lo illnstrate this region of eontbern Kansas. Over tbe 
gypsam, westward, are fragments of a hard gray limestone stratum, and again red 
rock. Tha gypsnm has caves and nndergronnd channels, in whioh the aoand echoee 
and reverberates when horse or vehicle passes over." 
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At the time the foregoing was written, thongh recognizing that the red-beds were 
a oontinnons series with the' salt measures below them, I was inolined to consider 
them as belonging to mezozoio time. The absence of fossils was a strong negative 
feature. The Texas geologists have considered the similar beds there as of Permian 
age; and Professor Cope, of Philadelphia, has shown me nndonbted Permian fossils 
obtained from the Texas beds. This has led me to place them in the geological 
scheme as Permian. Still, in the Kansas beds no fossils have yet been fonnd. That 
the gypsnm beds have proved useful, will appear further on, and other strata of the 
red-beds are being of service. 

The salt borings, as far north as Ellsworth, all pass through the red-beds, and & 
re- study of the boring ipade years ago at Bussell convinces me they are there also. 
They also appear in deep borings made in Haskell and Morton counties; appar- 
ently, also, in Decatur county; so that they probably underlie all the western part of 
the State. In the Eanopolis mine, and other northern tests, they are decidedly thin- 
ner than in the south and southwest. From 400 to 500 feet thick in the northeast 
they are 800 to 1,000 in Barber and Comanche counties, and beyond the limits of 
the State they thicken still more. 

TBINITY BANDS AMD OOMANOHK PEAK BEDS. 

In the northwest corner of Barber county, in a ravine on the south side of Medi- 
cine river, is an outcrop of beds, the bottoms of which rest on an eroded surface of 
red-beda something over 100 feet above the great gypsum horizon. The whole is 
not more than 25 or 30 feet of vertical exposure, as follows: 

When I first saw 
these, I was inclined to 
synchronize them with 
the cretaceous beds 
(Dakota and Benton) 
which were known to 
exist on the south of 
the Arkansas river fur- 
ther west. Professor 
St. John, however, who 
saw the beds in the 
region further south' 
pointed out the resem- 
blance of the fauna of 
the shell bed to Texas 
cretaceous forms, and 
afterwards others have 
worked out the strati- 
graphy of the beds up 
the valley of the Medi- 
cine and some of its 
tributaries, and made 
oollfections of the pale- 
ontological remains. 
Prof. R. T. HUl, of 
Texas, has also seen 
fossils belonging to 
these beds, and there 
seems now no doubt 




Yellow sandstone. 



Bed sandstone. 



Shale. 



Sandstone. 



Lignite. 



Lignite. 



Variegated sandstone. 




Bed-bedB. 
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but that they belong to loirer hoiisoDS than the Kansas Dakota. There is no teaaon 
why the Texan names given to (he beds — (Trinity for the lawer,'&ne-grained Bands tones. 



Blntfs of Trinity amis, near B«lTldere, an Uedldne river. 

and Oomanobe Peak for (he npper strata^ shonid not be permanent, bat some of the 
paleoatologists still differ as to vhetber certain of the sbellB are loirei oretaoeoas or 
of the Jarasaic type. In the table I have placed them as lower oretaoeona. Tbey do 
not 8«em to have targe areal development, bnl they thicken to the west. The rocks 
are well sbown in the npper Medioine valley, on Thompson creek and In (he Sand 
oteek tavineg to the soothwest, bat the "plains marl" and qaatemary (ormatione 
hide thair extension nnder the body of the high prairie. There is a fine exposnre 
of the Trinity sands at the Point of Eooks on the Cimarron, near the sonthwest cor- 
ner of Morton ooanty. I am also inclined to think that some fine sands broaght ap 
from drill holes in the aalt region, e. g., at Great Band, also belong to the same 
horizon. 

"AcrosB central Kansas, from north to west of south, stretches b belt of ooontry, 
marked in ravines by ragged sandstone rooks, and by long-roanded slopes on the 
prairie. This bait belongs geologioally to the part of tbe oretaoeons system known as 
the Dakota formation. To tcavelsrs on tbe Central Branoh railroad, passing through 
Washington and Clond oonnties, thasa sandstones are conapicnons objects. On tbe 
line of the Kansas Pacific, the same sandstones, nnderlain by colored shales, make 
the wild cocntry from Bavaria by old Fort Barker to Ellsworth. On the Santa F6 
railroad, a single hill standing oat in tbe broad valley of tbe Arkansas, ooverad on 
its precipitous front with names of visitors — arahdakes and natnralists — a hill of 
varied sandstone, capped with ohalk, is a mark, left by tbe tremendons erosion of a 
million years, that here too the Dakota formation oooapied its place. They are seen 
too from Larned up tbe Pawnee valley, and on tbe Saw Log, in Ford coanty. Tbey 
have an ontorop on Bear oreek, in Hamilton county, and are penetrated by the drill 
in Morton and Daaatnr. 

"At onr northern State line, the aarfaoe development of the Dakota Is about 30 
miles aoroBB, farming the blaffs of the ravines on the west side of the Little Bine, 
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and diaappearing nnder the inoceramiiB limeatoues of the Benton aeiiee in the west 
of Waghlugton oonnty, noith and soalh of Haddam. Faither sonth, the belt is 
wid«r, in some plaoee exoeedlug 60 miles. This is pcobablf dae to a gceater slope of 
the BDTfaoe in the soatb, in past ages, onosing gFeater eFosion of sapeiinoambent 
deposits. 

"The hill in the Arkansas valley is forever wedded to a tale of terror. It is the 
famona Pawnee Booh. Bnt a little Bbred chipped from it tells another story. It Is 
marked with the remains of an anoient flora. Fnrther north, in Ellsworth oonnty, 
are raTinea with pteoipitaiiB sides, on some of whioh a lost race haa carved hiero- 
gtypbios of war and travel; and there are hnge slnnle rocks, like giant pal pits, stand- 
ing ont and alone. Id BoBsell oonntj are the worn pinnaoles and crags of Rook Cit;, 
and in Ottawa oonnty the qnaiatly-ronnded oonoretlonar; masses of another Rook 



City. In Washington oonnty the bold sandstone oliffs are seen resting on Permian 
limestone, while their npper sorfaoes have been groond by the hnge hard, bowlders of 
the glacial age. And in all these ptaoes are the relics of the old world flora, leaves 
— diootfledoitoas leaves. Others of oar ooanties have them — Clay, CJond, Saline — 
and they are foand away north and soatb far beyond oar borders. The thickness Is 
oom posed mainly of sandstones, those near the top, in most of the exposures we have 
seen, being light oolored, and the lower ones dark brown or red. In some plaoes it 
is blood red, streaked with yellow; and when the son shines on it we have a gorgeone 
glory. The ooloring matter is largely oomposed of some oomponad of iron, and in 
places tbia baa oxidized in most cnrions forms, suggesting by their vitieona snrtacea 
the action of Are. In many places we have picked np speoimena with a bolryoidal 
sarface not to be distingaished from kidney hematite from Europe and elsewhere- 
Then there are nodules of all imaginable shapes and sizes, roagh vases, large troughs, 
bnnohea of frnits, boUow sterna. 

"In several connties — Washington, Repnblio, Jewell, Iiiaooln, and Bnssell — 
eeams of an inferior quality of ooal bave been fonnd. It is lignite, baring mnoh 
pyrites and a large qnantity of ash when bnrned. It is, however, of some nse as 
a household fnel where the thickness of the seam ia anffioient to pay tor working it. 
Thongh the term lignite indicates the presenoe of wood fiber, yet we have no idea 
that any oonsideiable part of this material was wood, for it has been shown oonoln- 
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sively by experiments, the resnlts of whioh are oonfirmed by our experience of 
modern forests, that wood fiber, especially of the higher kinds of trees, is no€ pre- 
served in the ooi^ditions under whioh coal was formed, so well as material of the 
leaves, stems and seed vessels of the undergrowth of ferns and other plants of the 
lower vegetable orders. Bat the immense numbers of leaves in the Dakota sands 
indicate forests on the land, whose undergrowth through ages must have left a car- 
bonaoeoos deposit which, entombing and preserving many trunks, may well be the 
lignite of to-day." 

We have noted that the Dakota in the northeast rests on the eroded surface of 
the upper Permian beds of the Fort Riley section. This is so also as far south as 
Salina. In Kingman and Barber counties there are, however, small patches of it 
resting in the eroded hollows of the red-beds, and in Ellsworth county it lies over 
the main body of that formation, as it does also at Russell. At Eanopolis the Da- 
kota is 175 feet thick; at Russell it is 860 feet, and that is probably the full thick- 
ness of the rocks of this epoch. The entire thickness is made up of sandstone and 
shales. There is no limestone. There are two main deposits of sandstone. One, 
120 feet thick, near the bottom. Separated from this by only 10 or 15 feet of shales 
(bluish) is another, lying above, over 60 feet thick; and near the top is another, 
mostly lighter color, gray to white, 10 or 15 feet thick. Above this are shales in 
whioh is the lignite horizon described above, and the salt marshes, to be noticed 
farther on. The rest of the thickness is composed of shales, mostly highly ferru- 
ginoas, and some likely to yield ochreous paints and material for pottery. In 
Washington county and in Saline, the highest Permian beds have in their cavities 
crystals of celestite, which may have infiltered from the overlying waters from which 
were deposited the sands and shales of the Dakota. 

FOBT BBMTON BEDS. 

It has become common to class these strata with the superincumbent formations 
Of the Niobrara, under the designation of the Colorado group. As they shade up- 
ward, both lithologically and paleontologically, without any great break, this group- 
ing is reasonable. But the change of the Benton at the top is not more gradual 
than the change from the Dakota below; that is, stratagraphically. The strata of 
the Dakota — soft carbonaceous shales — may be seen (e. g., in Russell county, on the 
south of the Smoky) passing gradually up into more calcareous shales, and, event- 
nally, into hard, slaty shales, which then give place to layers of limestone. There 
are, however, differences in distant places. In Lincoln county the typical Benton 
outcrop consists of seven beds of limestone, none more than two feet thick, and 
separated by beds of calcareous shale varying from 15 to 25 feet in thickness. The 
shales below the lowest limestone vary in thickness, because the surface of the Da- 
kota, though not eroded, was uneven. The beds of limestone are composed of layers 
of remarkably even thickness, from 6 to 12 inches; but sometimes the bed is of a 
single layer. These even layers can be cut easily. They are soft, and locally called 
magnesian limestone. In Russell county they are sawed into bricks. In several 
counties they are cut into long, narrow strips, for fence posts. They have some 
stain of iron in them, and this often is in a streak through the middle of the layer, 
which gives a warm tint and a pretty appearance to the buildings of Beloit, Lincoln, 
and other towns. To the northeast of Lincoln the beds of stone are not so numer- 
ous, and in Cloud county there is one massive layer three feet thick. On the Re- 
publican, in Republic county, and also at Glen Elder, there is an escarpment of 
between 20 and 80 feet, made of successive thin layers of limestone; and this is re- 
peated on the Saw Log creek, in Ford county, and across the Arkansas, in Meade 
county. With these differences, then, the Benton consists of hard, limy shales and 
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soft limestones in thin layers. In Hamilton ooanty, the outcrop of the Arkansas 
valley contains some clay shales in thin beds, and of bright colors (orange and yel- 
low), that may yield materials for paint. The description of the Benton beds here 
given is totally different from what is correct in the Dakotas, or at Fort Benton, in 
Montana, whence they had their name. There they consist altogether of shales, and 
these are soft, soapy, dark, and carbonaceous. Occasionally, thin beds of chalky 
limestone, of small extent, and more rarely the shales are calcareons. The absence 
of lime is marked. Alam is frequently found in fine crystals, and also other salts. 
It is difficult to recognize as the same formation beds so different lithologically. 
Yet the paleontological evidence is conclusive. Our Benton limestones have abun- 
dance of shells, but not many species. Inoceramus problematieus and other inocerami^ 
a few species of fish, a nautilus and beleninites are the principaL There are no large 
shell beds in the north, as we have in Cloud and Ellis counties, but they have the 
same forms. It is by this evidence, supplied by Dr. Hayden, that Professor Mudge 
gave up his provisional name of the Fort Hays group, and adopted for these beds 
the name by which we now call them. 

THE NIOBBABA. 

These, till comparatively recently, were thought to be the highest cretaceous 
strata in Kansas. Professor Mudge gave the thickness as 200 feet. My own obser- 
vations in Trego, Rooks, Osborne and Norton counties led me to think they were 
somewhat thicker, but it is Professor Williston's estimates from recent observations 
which supply the figures (400 feet) which I have placed in the table of formations. 
A description written in 1883, of Niobrara strata in Norton county, is correct for 
other parts of the northwest, so we quote. The lower of two strata *^ ... is 
in its best development, before weathering, a rather dark-bluish or lavender- 
colored shale. It is in some places very friable and brittle, in others tougher, 
and passes into a clay shale. Its color is much changed on exposure, becoming 
lighter, and in its upper layers inclines to buff. This stratum outcrops in each of 
the main valleys of the county, but in the Prairie Dog valley its layers lie low in the 
bed of the creek, and it is from wells that we have obtained its best appearance. In 
the Sappa valley it has a little more elevation, and in the Solomon valley it reaches 
from the river bed to a height of about 30 feet above it. 

"This blue shale passes gradually (and conformably) into the stratum above, which 
is mostly a bright yellow chalk. The change from one to the other is so gradual in 
some places as to make it difficult to say where the line is. In other localities the 
line is so definite that some slight irregularities suggest unconf or m ability, but fur- 
ther examination removes the idea. The greatest distinction we have observed is at 
two places widely separated. One, Miller's Spring, west of Lenora, '^here a fine 
stream of water comes from under the chalk off the top of the shale; the other, on 
the Sappa, where a depression in the shale of a few feet across is followed by all the 
streaks of the chalk, which is here beautifully banded. This little depression seemed 
to me just such a one as is often seen on the seaside sands, where a little stream, en- 
tering the ocean, makes its little furrow in the region between tide marks. As it is 
to-day, so it was in the old cretaceous sea. 

" To the upper bed we very soon gave the name of the yellow chalk. It is chalk, and 
it is mostly yellow. We have seen since that Professor Cope has used the same desig- 
nation for it, and this name will suit it well. It becomes white in places in the south- 
east of the county, and over in Rooks and other counties, white, but buff and yellow 
are the prevailing tints. There are patches and layers of a brick red and various 
shades of brown, and, in bright sunlight, a rich orange. The play of colors in some 
outcrops is perfectly gorgeous, particularly at Oedar Gulch and Ghost creek, on the 
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floath side of the Solomoa. At the Utter pUoe, the bold escwrpmeDta of the ohftlk 
If log over the shale, both In ooatooi and eolor, soggested a saneet b; Olaode Lor- 
TBiiie. At Morton mitt we vere able to msMnre the thiokuess of the ohalfc. It is 
there aboat 65 feet. Od the Sappa It Is nearl; as thiols bnt nowhsre on the Bolo- 
moD did we find it reaoh half that thiofcnees, and In (he eonthecn TaUef It nowhere 
rBsohea bo low as the line of the water in the river bed. It aomea nearest to doing 
so at its moat western ontorop, west of Lenora. This Btratnm presents abundant 
evidenoB of metamorphiBm bj inflltration. It has had its npper snrfaoe extenaivelf 
covered by materials containing mnoh silica, and through the oraoka and water holee, 
water charged with silloott has petoolated, penetrated the pocooe ohalk, and changed 
it into vsriong eilicatea, jaepet, agate, and other forms. We have seen a band of 
fine red ahalk changed into a band of jasper, the fellow streak above still remaining 
ohalkf . In orevioea, (as also in the shale below,) orystalg of calotte and baryta are 
found, and BOmetimea small crystals of qaartz. In many of the oocnrrenoes of the 
chalk tbe npper layers are altogether ailloifled. In one plaoe,nortbwest from Norton, 
these bard layers contain many oavltieB whioh are large enough for wells, and, con- 
taining maoh water, are so ased. Many of the apeitncas thioagh which water has 
entered these wells are olosed, and some nearly otosed, by the deposit of the miner- 
als in Bolntion, of whioh silicon wae among the ohief — allowing ns to trace the 
double action of water, first, in wearing ont a ohannel, and then in alosing it ap." 

On the Solomon, in Gooks and Osborne oonnties, alao to the north. In Fhillipa 
and Smith, and sonth of the Smoky, in Trego oonnty, the beds are less ohalky. They 
are a soft, brownish, buSy limestone, less laminated in strDotnre than the chalk beds. 
North of the Smoky, the ohalk Is in force, and white. There is an horiton in it which 
is decidedly harder. It is a phonolite, giving a sonorons ring to the stroke of the 
hammer. Locally abncdnnt, it has been qnarried as a bnilding stone. Its hardness 
is dne to infiltrstion from the ohalk above, the pores being filled with Bemi-orystalline 
calcite. Westward, through Oove into Logan and Wallace oonnties, the npper mem- 
ber of the Niobrara keeps its ohalky oharaoter, and a small area in Oreeley oonnty, 
known aa Wild Horse Corral, shows it as tbe bright yellow ohalk. This is in the 
valley of the White Woman, not many miles from the Colorado line. Lower down 
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lower, bat the line between them is not constant. Chalk is found at lower levels 
than neighboring blue shale; not by nnoonformity, bat by change of stractare in 
the same stratum. There is a notable example of this seen in the Castle Bock, 70 feet 
high, in southeast Gove county. 

The Niobrara has its name from the river of Nebraska, otherwise called the Run- 
ning Water. It is well developed on the Missouri river of South Dakota, above and 
below the mouth of the Running Water. The peope of South Dakota call it the cJuilkj 
but its texture is about that of the brownish limestone beds mentioned above, and 
its color approaching that of the lightest parts of the blue shale of Kansas. It 
weathers, and can be quarried, in huge blocks. It stands up in vertical cliffs, but 
the fallen masses break into splintery debris. Like the Dakota and Benton, the 
Niobrara is an extensive deposit, and lies under the whole mid-plains region, and 
turns up edgewise on the flanks of the front range of the Rocky Mountains. 

MONTANA OBOnP. 

Doctor Hayden and the other geologists who fixed the nomenclature of Western 
geology gave names to two series of cretaceous rocks above th^ Niobrara, namely, 
the Fort Pierre and Fox Hills beds. Above these are also the Laramie or lignitic 
beds, which are mostly considered to be cretaceous, though they have some char- 
acteristics that foreshadow the tertiaries. Since Doctor Hayden's time, there has 
been a tendency to reduce the number of names, and the Pierre and Fox Hills beds 
are included in the term '* Montana Group," as the Niobrara and Benton are included 
in the designation of "Colorado Group." In 1883, the present writer called atten- 
tion to a green sand and a green-clay shale above the Niobrara chalk, in Norton 
county. Since then, I have seen shales somewhat calcareous and also carbonaceous 
in the valley of the Sappa, in the western part of Decatur county. Then there are 
numerous outcrops of similar shales in the ravines that slope to the Republican, in 
the northern part of Cheyenne county. It is also seen in several of the ravines 
south and southwest of Atwood, in Rawlins county. Going west, these shales become 
more carbonaceous. Coal has been suspected near Atwood, and at St. Francis a 
shaft was sunk that penetrated the shale more than a hundred feet. Over in Nebraska, 
in the Republican valley,' the shale is more carbonaceous, but the hope of coal is not 
likely to be gratified, as, though some seams of lignitic coal have been found in the 
Montana shales, yet not of great extent or of workable value. The shales are 
found in all the rough valleys around the corner-stone that marks the limits of the 
three States, Colorado, Nebraska, and Kansas. Fossils have been found in this 
neighborhood, but they have not been studied for stratigraphic relations. Baculites 
found further south in Kansas probably belong to these beds, and I have suspected 
that the shales in the White Woman valley, referred to on a previous page, may be- 
long to this^roup, though there are considerations which do not favor this suppo- 
sition. 

THE liOUP FOBK. 

The divisions of the tertiary formations, as originally made in Europe, into 
eocene, miocene, and pliocene, was based on the numbers of the kinds of fossils as 
related to modern species. This comparison was made of marine shells. In the re- 
gion of the great plains the tertiary deposits were mostly if not entirely fresh- water 
formations. The fossil remains are mammals, not fish; fresh water, not marine 
mollusks. It is difficult, therefore, to correlate our plains tertiaries with European 
formations, or to use European nomenclature. It has become common to use the 
terms eocene and neocene for the entire age, the latter term covering miocene and 
pliocene. Professor Mudge called all our west Kansas beds pliocene, though he 
indicated several times that certain lower beds might hereafter be recognized as 
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miooene. We so olass them here, nnder the designation of the Loup Fork, though 
Bome paieontplogists regard them as pliocene. Beyond the limits of the State there 
is an older tertiary, known as the White River formation, lying beneath the Loup 
Fork, bnt, as we believB, shading up into it. In some of the northwestern oonnties 
we are inclined to think some strata that we have classed with the Loup Fork may 
properly belong to White River beds. Bat certainly there are no older tertiary de- 
posits in the State. All are neocene. The greatest distinction is between the Lonp 
Fork and the beds above. It was caused by the mid-neocene erosion. 

To avoid the controversy as to age of the formation, I have called this earlier 
tertiary formation the 

TEBTIABY GBIT. 

"The term grit is descriptive of this formation everywhere, yet it is of varying 
constitution. In places it incloses a fine powder, but the powder is largely siliceous, 
is usef al as a polishing powder, and appears to be volcanic in its origin — wind- 
blown volcanic glass from the tertiary centers of eruption in the West. Elsewhere 
the grit is an aggregation of sand and lime, which we call its mortar-like form. 
Again, the lime exceeds the sand in quantity, and it ie^ sufficiently fine to be used 
for inside plastering. Then we have the mortar form, inclosing abundant pebbles, 
quartz, feldspar, diorite, greenstone (hornblende), and more rarely granite with 
other igneous rocks. Then the limy matrix almost disappears, and we have a heavy 
conglomerate of water- worn pebbles of the rooks above mentioned, with jasper, 
quartzite, and agate, from the size of a nut to that of a large apple. Sometimes, 
also, there is a bone, or a piece of completely silicified wood. The mortar-like form 
often hardens into a building stone, and its softer beds contain hard, tough nodules, 
like indurated — not silicified — chalk. The conglomerate form changes at times 
into beds of a fair quality of sandstone. In some places it shows as a hardened 
bed of gravel, with well-marked cross-bedding. The mortar-like form is often a 
fossil bed, yielding bones of mastodon, Aphelopsy and turtle. There are in many 
places root-like concretions penetrating the softer forms of the grit, and where 
these softer forms are of considerable thickness — they attain in places a depth of 
15 to 20 feet — they are characterized by harder ledges at intervals of from two to 
three feet, which give very bold forms in weathering. The conglomerate is also 
manifested in abrupt breaks and rocky ledges. 

'* We find small patches of this in east-central Kansas. The increase of the area 
covered by the patches westward, and traces of remains of it in the form of thin 
gravel on slopes otherwise lacking signs of its presence, and its persistent occur- 
rence as ledges a little below the highest prairie slopes, and, further still, its occur- 
rence low in the river courses, indicated it as one of the most extensive deposits of the 
western part of the State. I have been enabled to define particularly two features of 
the grit : (a) In the Arkansas valley the conglomerate of the grit is mainly composed of 
pebbles of dark red feldspar. This is so marked a feature that its exposures, covered 
with the loose pebbles, can be recognized at long distances by their ruddy glow in 
the sun. In the valley of the Cimarron, and in counties farther east, the conglom- 
erate is more often composed of quartz pebbles and pale feldspar, giving a whitish 
or gtayish tint to the exposures. (&) In several well- marked instances I found the 
mortar form and the conglomerate together, indicating that they are not, as I had 
supposed, local variations of synchronous deposits. I found the mortar form 
below the conglomerate, the former having in those places its usual scant supply of 
pebbles. Rocky Point, a bold ledge of the conglomerate five miles west of Dodge 
Oity, gave this juxtaposition of the two forms, the mortar form showing only on 
the eastern or lower slope of the point, and disappearing under the conglomerate. 
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Elsewhere I found the mortar form embedding not only the pebbles of igneous 
rock, but also pebbles, both water worn and angular, of the cretaceous rooks of the re- 
gion, these fragments being more or less silioified. A small patch of white sand- 
stone, of which there were seyeral near in Harper county, '(section 5, township 82) 
range 5 west,) had similar relation to the underlying red rock. The red rock, a 
nodalar day, shades upward into the sandstone, the intermediate part being a con- 
glomerate of quartz pebbles in a pasty matrix of the red-rock material. The sand- 
stone itself has some pebbles of smaller size, and in the conglomerate the larger 
pebbles are below, and the least amount of the coloring matter — the pasty matrix 
— above." 

The extent of the tertiary grit is enormous. It has covered all the mid- plains 
region from northern Nebraska to beyond the Red river of Texas. Erosion has since 
cut it away in most of the valleys, and sometimes it is missing on the upland plains. 
The greater erosion of the valley lands has caused its areas to be much diminished 
in Kansas east of the 100th meridian, and east of the 98th it still diminishes, and 
only a few patches testify its existence at the 97th. The most easterly occurrences 
that I know are: (a) At Ihe west side of the Arkansas river, 1} miles east of Geuda 
Springs. The west buttress of the bridge rests on a hard bed of the tertiary grit, 
which has here flung the stream to the east and narrowed its bed to 400 feet. The 
grit has been quarried a quarter of a mile to the southeast, and shows coarse ledges 
of sandstone and some conglomerate beds. (&) A small area by a railway cut in the 
northeast suburbs of Wichita, which has also been quarried, and perhaps the sand- 
stone bed overlying the Pernio-carboniferous limestone on the east bank of the 
Arkansas, just south of the enlarged bounds of that city, (c) A mere patch of con- 
glomerate in the cut at Fogarty's mill, on the Smoky, at Junction City, 10 miles 
east of the 97th meridian. 

If, in the western part of the State — the Oimarron valley or that of the Prairie 
Dog — the difference of elevation of occurrences of the grit in the larger valleys and 
those in t^e higher ravines near the high prairie be taken as the guide, the thickness 
of the grit might be taken as approaching 200 feet, and it is more than that in Ne- 
braska. In Kansas, however, its thickness is much less than this appearance sug- 
gests. Before the grit was laid down there was a long period of uplift and erosion. 
The Rocky Mountains came up, and on their flanks the cretaceous strata were 
turned on edge, flexed, and folded. Throughout the great plains region they were 
above high-water mark, and, leaning to the east, the great and small valleys of the 
region were eroded by all weathering agencies of the long period of eocene time. 
Then there was depression, and the tertiary grit was deposited in fresh-water lakes, 
the rivers from the mountains bringing the pebbles for the conglomerate, which are 
smaller the further east they are found. The grit filled up the valleys and capped 
all but the highest land, so that its bottom varies with the eroded surface of the 
pre- tertiary rock, and its actual thickness,. since it has been eroded in its turn, is 
probably, in Kansas, not anywhere more than 60 or 70 feet. As we shall see further 
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on, this tertiary grit plays an important part in the eoonomio development of the 
West. It is the water holder of the plains. 

THE PLAINS MABL. 

After the grit there was another period of uplift and erosion. The grit was ont 
through nearly on the lines of the valleys of the pre-neooene erosion, and the oreta- 
oeous formations were laid bare over large areas. Then another submergence, and 
the plains marl was laid down. 

'* Superficially this marl is not unlike the loess of the Missouri valley, and in the 
middle of northern Kansas seems to shade into it, although in southern Kansas the 
loess is sufficiently distinct. The marl is arenaceous, argillaceous and calcareous in 
its texture. It is not at all like the mortar form of the tertiary grit, except in a 
Tery few localities, where, owing to each having a predominance of sand, there is 
some difficulty in distinguishing them. Its color is very uniform. It is a buff marl 
eyerywhere. We have seen no place where it was colored by the red rock* It is buff 
on the yellow chalk of the northwest, on the cretaceous limestones, on the Dakota 
sandstones, on the red-beds, and on the carboniferous strata. It contains chalky 
nodnles, irregular in shape, some root-like, resembling those in the tertiary grit. 
Its texture is nearly the same everywhere. Where its bluffs are high its lateral ex- 
posures are wrought into rounded and symmetrical pillar-like forms, tapering to 
the top. Some views of it suggest the mauvaiaes terres of Nebraska. 

" There is evidence in some places of a subdivision of the marl into two deposits, 
the lower one in each case being more arenaceous than the upper one. The lower 
arenaceous stratum seems also to be indicated in wells, where it yields water, after the 
marl has been pierced. 

**We find the tertiary marl resting on eroded surfaces of Permian — buff lime- 
stone as well as the red-beds — cretaceous and tertiary grit formations. It is som6- 
timf s low down, buttressing the flanks of other formations, but its best development 
is at the greatest elevations. It forms the dead level of the high prairie between 
the great rivers, thinning off toward their valleys, but following the slope of the 
tributary dales. This thickening on the high prairie is manifest in almost every 
oounty — Barber, Pratt, Edwards, Meade, Ford, Hamilton, Seward, Scott, Graham, 
Norton, Morton, and Cheyenne — from Indian Territory to the Nebraska line. Wells 
pierce it in most of these counties over 100 feet, and in Meade county and in Gra- 
ham from 140 to 180 feet, before the grit is reached. The grit has a supply of water; 
the marl seems quite dry except in its lower stratum. Walls of dug-outs and cisterns 
excavated in it may be plastered or cemented without the intervention of other ma- 
terial. The buffalo-grass is attached to the marl. It remains on it after wire-grass 
and others have taken possession of sedentary soils of the grit or other formations. 
Where the sod has been broken by the plow, it has been found that the marl in a few 
years ceases to be so dry. It can then be broken by the spade, where before a pick 
was necessary." 

The modern erosion, which has made the present contour of the Western plains, 
has carried away this plains marl more than anything else — first, because it was on 
top; second, because of its soft, marly texture. The erosion is again on the old 
lines, and the valleys are mostly those that have been previously filled by grit and 
marl. The basin in Scott county has not yet had its drainage established on the 
surface, though the valley of the White Woman belongs to the pre-neocene age. 
This marl is the result of the breaking down, mainly, of the previous tertiary forma- 
tions with some local admixture of cretaceous debris. It is mostly a lake or river 
silt. It is the fertile subsoil of the plains. Its most eastern occurrence known to 
the writer is at the second occurrence of the grit mentioned above, in the suburbs 
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of Wichita. On all high land west of the 98th meridian it is found, and farther 
west it occurs as the second bottom of some river valleys. 

There are few fossils in the marl. Horse, mastodon and bison remains have been 
found. Part of the formation Professor Cope has named Equus beds. We have 
classified the formation as pliocene, and it probably had its beginning in late terti- 
ary time; but it is likely that the larger part of its deposit was contemporaneous 
with the great ice age, which prevailed to the northeast, and some of the lakes of 
which it was the silt were probably not dried up till very recent time. The buffalo- 
grass, which so much affects the marl, seems to have been its first vegetation, and 
over vast areas has had so short a hold as not to be able to make a black humus, but 
only to darken a little the surface. 

DBI7T. 

Northeastern Kansas is the southwestern corner of Xoeland; t.e., it is the south- 
western part of the area which, in the times immediately succeeding the tertiary age^ 
was covered with ice, and which is now largely covered with deposits which were 
brought by the ice, were formed under the ice, and left by the melting ice at its 
southern termination, or were laid down in cold waters that washed the margin of 
the ice. 

Where the ice halted and its terminus remained stationary for a time, the melting 
being exactly met by the supply from the north, there was an accumulation of tho 
solid matters it had carried along with it — bowlders, mostly angular, sand, and graveL 
It is called the terminal moraine. Clay and limy matter made muddy the waters 
that ran from and bounded the glaciers. They deposited beds of clay, fine sand 
and marl for long distances around. The ice, by blocking up river valleys, affected 
the drainage of regions far distant from its actual presence, and caused floods and 
lakes far removed from the ice margin. These waters deposited material all over 
southeast Kansas, and as far west as the Medicine river valley. 

The ice itself crossed the Kaw river valley, not for its whole length perhaps, but 
for most of the distance east of the mouth of the Blue river. The southwest 
corner of this ice region is characterized by an immense moraine. East of St. 
George, the tops of the bluffs overlooking the Kaw valley are paved with large 
bowlders, and on the south side of the valley, a little to the east, the moraine is 
simply immense. At the western extremity two hill-tops — flat mounds — are paved 
with the bowlders to a depth of eight or ten feet, and to the northeast, east and 
southeast the moraine extends for miles. In places it looks like surging waves of 
stone. They stand up in great heaps; they show smooth surfaces through the 
grass; they are angular, but glassy, and some are covered by the lichens of cen- 
turies; some are as small as a head or a fist; many weigh several thousand pounds 
each; not a few weigh scores of tons. One, nearly square, is eleven feet long by 
nine feet six inches in width, and its highest part is two feet above ground, and its 
average height is fifteen inches. It is imbedded firmly, apparently in the under- 
lying shale, and has been scored by other stones in the ice passing over it. The 
strisB on it have a direction about south 25 degrees east. It is of the red quartzite 
that comes from South Dakota and Minnesota, and fully 95 per cent of the bowlders 
of this moraine are of this material. The rest are mainly horneblendic greenstone 
and granite. I found a few fragments of a hard limestone that is very common in 
the drift of North Dakota. A tongue of the glacier was pushed across a low 
divide here, and continued down to Mill creek, while the main body of the moraine 
trends east, still on the south side of the Kaw. At Topeka the river valley was also 
crossed, a tongue of moraine stretching down to Tevis, 10 miles southeast. At Law- 
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renoe, and a few mileB south and west, there are again immense morainio deposits. 
In Missoari they are foand farther sonth than the month of the Eaw. The largest 
bowlder known to the writer is of the red qnartzite, with streaks of conglomerate in 
it. It is in the northwest corner of Shawnee county. It lies nearly square with the 
points of the compass. It is 17 feet 6 inches from north to soath, and is one foot 
shorter from east to west. Its highest part is seven feet above ground. It is prob- 
ably as deep in the ground. It weighs several hundred tons. In its present positioit 
its stratification dips to the east. Its sides are nearly vertical. The frosts of many 
millenium^ have opened some of its natural lines of cleavage and bedding, the- 
former being nearly vertical. Some masses beside it on the east probably once 
were part of it, having slid off it, as some others are being slowly loosened by the 
weathering of the ages. Bowlders are found in all counties from the Missouri to 
the Blue. In Washington county they are found west of the Blue, and there also 
are found mounds of gravel and small bowlders which, if they were not so weath- 
ered, would be recognized as osars and kames, which probably were first melted out 
on the top of the glacier, and at last were left in position by the final disappearance 
of the ice resting on bed rock of the country. The true 

HABD-PAN, 

Or Ull, is a stiff, pasty, dark brown clay, with pebbles and small bowlders. It seems 
to have been formed under the ice by the grinding of the material over which the 
glacier passed — day shales, soft limestones, and sand. It is not as extensively 
found in the glacial area of Kansas as in some other States. I have seen it in thin 
beds in Washington, Pottawatomie and Nemaha counties, and without doubt it 
exists elsewhere under other deposits. Fortunately it is not often at the surface, as 
it forms an intractable soil. Where it exists as a subsoil, drainage will be required. 
A modified hard-pan, joint clay, or 

aUMBO, 

Is more often found near the surface in the glacial area, and is post-glacial in its 
origin. And far away from the glaciated region there is a similar formation. Some 
of these beds of gumbo are of quite recent origin, being results of floods and weath- 
ering by agencies still at work. So that these beds, all strictly local, come down 
from immediately after the ice to the present day. 

liOXSB. 

This deposit, otherwise called bluffs because the bluffs of the Missouri river are 
formed of it or capped with it from Kansas City to Yankton, is a buffy or yellowish 
marl. Over immense areas it is substantially the same material as that which gives 
color and muddiness to the water of the present river. In some regions it takes 
color from local surroundings, and has streaks of coarse sand or gravel, and becomes 
of orange brightness. It is generally agreed that the loess is the material deposited 
in the broad lakes and streams that fronted the ice sheet, and which followed its 
retreat to the north. In some States there is believed to have been an interglacial 
epoch of milder climate; that is, there was for a time a retreat of the ice sheet and 
a second advance and repetition of the various phenomena. In Kansas, the whole 
of the direct glacial phenomena belong to the oldest ice epoch, and the second ice 
sheet did not come here. This, however, is not so with regard to the loess. The 
loess of the second advance overlapped the more ancient loess, but the limits of the 
overlap have not been worked out. Loess is found as far west as Dickinson county 
and Medicine Lodge, and down the Arkansas and Neosho valleys into the Indian 
Territory. It is found low down in river valleys and in ridges at great elevations. 
It is found as high as 1,200 feet above sea level in Geary county, and up to 1,500 in 
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Morris, and to 1,000 feet in Bonrbon. We have already noted that the plains marl 
43hade8 into it. 

When the Eaw river valley was dammed by ice in Wabannsee oonnty, the Platte 
Talley of Nebraska must have been closed also, and the Missouri was stopped at 
fort Randall, and its waters must have been thrown over Nebraska and north- 
n^estern Kansas. The height of the wall of ioe mnst have been sn£ELoient to throw 
the waters over the high divides to the west and south. Perhaps some Missouri 
river water, after being spread ont into wide lakes, was thrown into the valleys 
of the Neosho and the Arkansas. Across these waters floated icebergs large or 
small, which carried angular bowlders far beyond the ice border, and which are 
foand in the loess that was deposited on the glaciated area during the recession 
of the ioe to the north. Probably at this time the deep trough of the Bine river was 
cnt by the strong current along the west front of the ioe, and the pass cut across 
Wabaunsee county round the southwest terminal moraine to Mill creek, whose wide 
valley below McFarland with deep alluvia shows a large stream once worked there. 
The pass we refer to is now used by the Santa F^ and the Book Island railways for 
their tracks from Manhattan to Mill creek. The tracks at the highest point are 
little over 100 feet above Manhattan or McFarland, but the neighboring hills are 
from 200 to 800 feet above the two valleys. The loess has done much to smooth the 
•contour of a region that before this age was very rugged. That it is otherwise of 
•economic value, will be seen further on. 

OBAVBIiS. 

In Bulletin 57 of the United States Geologii^al Survey, I have distinguished an 
earlier and a later gravel in southwest Kansas. The material of both is from the 
tertiary grit. The earlier I have defined as that which began to be formed as soon 
as the grit became dry land, from the breaking up of its conglomerates, and has 
remained near — in some oases actually at the side of — its original deposit as grit. 
But such gravel is still forminsr. The later gravel I defined as that which was re- 
moved by post-tertiary, perhaps post-glacial, floods, which by strong currents re- 
assorted the material and deposited it in hollows of the older formations. A fine 
example of this is seen in the railway outs on the west and south of Wellington. 
Such gravels are found under the loess in other places than at Wellington, and 
gravels made of paleozoic material, in the eastern counties, were deposited both be- 
fore and after the loess. There are river gravels, more recent still, that belong to 
the epoch of the present 

AliliUVIA. 

By this term we designate the valley formations which owe their existence to 
the action of rivers and fioods since the present general system of drainage was 
established. These include the present bottom lands and many of the second bot- 
toms of the river valleys, the gravelly and sandy strotohes of the flood plains, and 
the sub-angular gravels and finer deposits of the upper parts of smaller valleys and 
ravines all over the State. Of the same age are various regions of sand dunes in 
the Arkansas, Solomon, Cimarron, Kaw, Medicine, Republican and other valleys. 
The sands left dry after river floods are caught by the wind and piled up in hills. 
The debris of the tertiary grit, the plains marl, and the loess is treated in the 
eame way before it is carried to the larger streams, and there are stretches of sandy 
land now wholly or partially covered with vegetation, that have had this recent 
origin, in different parts of the State. 

Thus we have briefly described the various rock formations of the State, in their 
geologic order. In nearly the same order, we shall now treat of some of various 
materials they yield to the use of man. This is 
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ECONOMIC GEOLOGY, 

Or, in other words, the Mcnebaii Resouboes of the State, begianing with those 
foand in the sub-oarboniferoxis formatioas, the lowest in the geologic scale that are 
found on the surface of the State. 

LEAD AND ZING. 

Lead and zinc mining in Kansas is confined to the southeast corner of the State 
— to the southeast corner of the most southeastern county, Oherokee. Small quan- 
tities of lead have been obtained at great cost in Miami and Linn counties as far 
back as the end of last century, and signs of zinc have sometimes caused excitement 
in Bourbon county. But it is in the limited area east of Spring river, in Oherokee 
county, that these metals have become, comparatively recently, the source of remn- 
nerative employment for labor, of paying investment for capital. Within this 
area, at Standley — only two miles from the Missouri line, and slightly more from 
the Indian Territory — in 1872, lead was discovered and worked, but it does not ap- 
pear to have been profitable in the long run. In April, 1877, mines both rich and 
profitable were sunk to the northeast, and the rival towns of Galena and Empire City 
sprang into existence in a few months, having 3,000 inhabitants. Galena remain» 
the leading mining town. The site of the city is now on a labyrinth of vast caves, 
formed by the getting of millions of tons of ore. A curious incident of this success- 
ful industry is, that the lot on which the school-house of the early mining camp of 
Galena was built has been honeycombed with mines, and from the royalties paid for 
the ore extracted the school directors have bought another site, and built a larger 
brick school-house where it was supposed no mineral was, but which is now sur- 
rounded by mines, and the officials are besieged with applications to lease the ore» 
beneath the surface of the new school lot. In 1890, other areas were proved to con- 
tain paying ores, and an immense development has since then been made southwest 
and west of the "Short Greek diggings" of Galena, and reaching close to the old 
Standley diggings. Professor Mudge, 14 years Ago, gave a pretty full account of 
the industry as it then existed at Short Greek. His account of the manner of the 
oocarrence of the ores in the mines is as correct for to-day as it was then, as the 
writer has verified by many descents into the shafts in the present year and years 
ago, both in Kansas and over the border in Missouri. Professor Mudge, referring 
to the lottery character of the mining industry, says, that *'of the shafts sunk, not 
one-third have produced any ore, and not one in ten has been profitable.'' It is now 
claimed that the recent developments are much more favorable; that fully one-fourth 
of the shafts sunk in 1892 are profitable. This is a much more favorable ratio than 
exists in the mining districts of Webb Gity and Joplin, in Missouri. With im- 
proved methods of handling, low-grade ores now yield some profit, and dump piles 
are colled by feeble men or children at reasonable wages. 

The geologic formation in which the zinc and lead ores are found is that part of 
the sub-carboniferous group known as the Keokuk limestone. This outcrops on 
Short creek and Spring river, down into the Indian Territory. The limestone is in 
thick, massive ledges, and, though mostly porous, in places it yields good building' 
stone. It contains numerous nodules of chert or almost pure flint, and has besides 
some seams of chert or cherty limestone intercalated between the heavier beds of 
limestone. The general position of these beds, especially near Spring river, and as 
seen at the quarries near the Memphis railway station at Galena, is nearly hori- 
zontal. Where the beds thus show little or no disturbance, lead and zinc ores are scarce. 
Oooasionally a little has been seen, to stimulate the digging of prospect holes, which 
have proved unremunerative. Across the town-site of Galena and for two miles 
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iamaxAa Standle;, and also In tbe region of UiBBonri to the east and northaaat, this 
oondillon of the eliata do«e not exist. On tbe lands of the Sonth Side Mining 
Oompan;, and again, a mile to tbe aontbirest, In the neighborhood of the newest 
diggings, there are oatotops of tbe limsBtone which appear to be the beds turned 
op to a nearly vartioal pasitlon, oonatitnting "walls." As seen in tbe shaft of an 
old mine, the real position is not vertioal, bat at an angle of GO" to the horizon. On 
the Sonth Side Oompany's estate thedireotion of the "wall" is north of west to sonth 
of east. On the other aide of the town the direotion waa sonth of weet to north of 
eaat. Wheie we saw anj appearance of theae waila below gronnd, the direotion was 
again different, trending to the notthweet. This on the Booth Bide land. In all the 
mines tbe ohert is mnoh broken and the ores mingled with the broken chert. Where 
the limestone is enooantered in position, or even as a wall, it Is onl; on its sarfaoes 
or in oraoks that tbe ores are fonnd. The nptarning of the limeetoae and the break- 
ing np of the ohert ate apparently the neoesaar; prerequisites to Qnding ore. The 
limeatone is not ao mnoh broken because it ia not so brittle as the ohert, and this 
has been well iUastrated in an article by Prof. B. Hswortb. The mining region, 
then, has sometime been subjected to powerful seismic tnflDences, which, in limited 
areas, npset the beds of limestone and fraotnted the ohert into sharp-edged splint- 
ers and blooks. When (his "bonleTersement," as the Ftench say, was aooomplished. 
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ire cannot positively tell, but it appears certainly to have been after the lower coal 
meascres were laid down above the lower carboniferous beds — perhaps after the 
former were partially eroded away — beoanse in several of the mines, both east and 
southwest of Galena, masses of coal-measnre shale are enoonntered, some of which 
contain crystals of zinc blende, which, being somewhat rounded, are called pebble 
ore, and chunks of coal-measnre sandstone with impressions of fossil vegetation are 
found impregnated with lead, which shows as minate cubes of galena. The lead 
and zinc ores are among the broken limestone and chert. They have been deposited 
from waters in which they were held in solution, and they have through immense 
masses filled np all cavities and formed with the angular chert fragments a beau- 
tiful breccia. Where cavities have not been entirely filled, the metallic ores have 
formed large masses of crystals — the blackish brown or amber-colored zinc blende 
and the bright cubic crystals of galena. The zinc blende is the sulphuret of zinc, 
yielding from 30 to 40 per cent, of metallic zinc. Galena is sulphuret of lead, yield- 
ing when pure 85 per cent, of the metal, and at Short Greek running anywhere 
above 60. Oooasionally carbonate of lead is obtained, which is not bright like the 
solphnret. It is the miners' " dry bone." Silicate of zinc (calamine) is also obtained, 
and in Missouri it is found in larger quantities. Oxide of zinc is sometimes ob- 
tained suitable for paint, but not in great quantity. Iron and copper pyrites are 
fonnd in abundance, the form marcasite giving fine specimens. Galcite is found in 
abundance in places, sometimes as Iceland spar, and dolomite in sharp crystals is 
not infrequent. 

The water coming over these various minerals is more or less charged with them 
and silicic and sulphuric acid, and as a result the breccia or limestone is again 
locally porous and the pores sometimes refilled with another of the minerals. 
When this has occurred with crystals, we have fine pseudomorphs. 

The mining of this region has in past time been carried on at hap-hazard. The 
lead of the ore has been followed in all directions. There are no regular drifts or 
tunnels, but huge, irregular caves. We may stand on an underground ridge with a 
profound chasm on one side, to the bottom of which the miner's light does not 
shine, and on the other hand a vaulted roof dimly discernible. Some of these caves, 
representing immense bodies of rich ore carried away, are 60 feet high, and may be 
entered from various sides, as different mining claims have come to their common 
boundaries. The way that land for mining purposes is let and sublet on mining 
leases, and the royalties charged, are to some extent responsible for this irregular- 
ity of work, though the irregularity of the deposits is the main reason. The Oarter- 
ville (Mo.) Republican supplies the following as explanatory of the methods of 
leasing there, and it has been reprinted in the Galena Republiean as correctly giving 
"the situation" in Kansas: 

''mining companies and how they opebate. 

"In response to numerous inquiries from Eastern men who are not familiar with 
lead and zinc mining, leasing of mining lands, etc., we here give the modtLS operandi 
pursued by most of the companies at work in this district. An individual, or com- 
pany of men, will lease a tract of land — 40, 80 or 160 acres — that they wish to mine 
for a term of 10, 15 or 20 years, binding jkhemselves to pay to the land-owner 5, 8, 10 
or 12 per cent., or any other per cent, agreed upon, of the gross product from said 
land as royalty. The company then, generally speaking, plat the ground that they 
have leased; that is, they lay it off into lots 200 feet square, which they sublease to 
miners, at a royalty of 20 to 25 per cent, of the gross product of zinc ore that is 
mined off of said lots by the miner, and a royalty ranging from 25 to 55 per cent, 
of the lead mined. 
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*^The oompanies generally deyelop the ground either by sinking a shaft or shafts, 
or by finding ore with drill holes, before they attempt to sublease any lots. When 
a company starts in to develop or prospect their ground with a shaft, they gener- 
ally sink it 6x9 feet, or large enough to put in a pump and also hoist out of. The 
miner generally sinks his shaft, which is only used for hoisting purposes, 5x5 feet 
in the dear. Most oompanies, in subleasing lots to miners, agree to drain, the 
ground and furnish water to miners to wash or clean their ore with, which necessi- 
tates the sinking of their pump shaft to the water leyel, and the putting in of 
pumps. In some ground the water is stronger than in others, and it is frequently 
the case that a shaft can be sunk 80 to 100 feet without putting in a pump, while in 
other cases strong water is encountered nearer the surface. 

*'Some companies reserve a number of lots to work themselves, while others sub- 
lease all their lots to miners, and rely solely on the royalty they receive for their 
profits. All ore is weighed over the company's scales when sold, and the company 
receives all moneys paid for ore, and, after deducting the royalty coming to them, 
pay the remainder over to the mine operators, generally on Saturday evening of the 
week in which the ore is sold; they also settle with all the hands they may work on 
Saturday evening. Wages range in this section, for practical miners, from $1.75 
to $2.25 per day. 

** While we have thousands of acres of mineral land in this section yet undevel- 
oped, we do not wish to be understood as advocating that all a company has to do 
is to sink a hole, strike ore, and become immensely wealthy, but we do say, that with 
common judgment used in the selection of the land, location, etc., there is no other 
business a capitalist can go into with such surety of large returns for the money in- 
vested as in developing mining lands in Jasper, Mo., and adjoining counties.'* 

Under this system the lead and zinc mining of this region has developed to its 
present large proportions. Before stating what those proportions are, we will briefly 
state the processes the ore is subjected to after mining before it is ready for smelting. 
Much of the lead comes up the shaft in large crystals, or crystalline masses of ga- 
lena in the brecciated rock, and is removed by the hand when the rock is broken by 
the hammer. Some, however, goes through the crushers, of which there are 15 in 
the district, driven by steam, 12 of which were in operation in October, 1892. All 
the zinc goes through the crushers, and is afterwards ''jigged." All these operations 
require water — water in abundance — which the pumps keep constantly lifting from 
the mines, to which the drainage from the surface is continuous, owing to the upturn- 
ing of the strata and the fractured condition of the chert. The steam crusher is 
similar to those used by road makers for macadam, but the constant stream of water 
washes out the lighter parts — chert and limestone — and the finer pieces are then 
crushed between two pairs of rollers, water still accompanying the process and car- 
rying off a cherty gravel. The crushed zinc ore, still accompanied by some chert, 
goes to the '' jigger." This is an oblong sieve immersed in a square trough of water, 
and suspended at the end of a long lever. A man at the other end of the lever raises 
and lowers, by gentle jerks, the sieve in the trough. This is the process of jigging* 
The lighter chert is thus assorted to the top, and the heavier ore sinks through the 
sieve into the trough. The sieve itself, raised out of the water, has its upper surface 
of fine chert scraped off and shoveled away as tailings, of which there are immense 
piles outside all the crushing plants. A lower stratum in the jig sieve, that formerly 
went with the tailings, is now shoveled to a bin and is sold to persons who rewash it 
for the ore it contains. The ore that has passed through the sieve is scooped out of 
the trough and thrown into bins, where it drains, and is carried away to be shipped to 
the smelters, where it is worth from $17 to $25 per ton. It resembles a coarse brown 
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sand or fine grsTel, and is not at all attractiTe in appearance. The vater mnning 
from thecniBheiB and jiggers is moddy, and in different parts of its oonrse before 
leaying the works it is passed through wide, shaliow tanks^ where, its Teloeity being 
abated, it deposits some of its mad. The mod, locally called siwdgs, is ooUeeted, as 
its brown color shows it contains some sine. It is 8<dd for $1.50 per ton, to the 
sludge mill, where it goes through processes which wash away most of the foreign 
matter, and it can be sent to the smelter as a somewhat inferior ore. All this was 
formerly wasted. There is one crushing mill that also does the jigging by steam. 
In this place, which is the property of Ck>L W. B. Stone, (who is also president of the 
South Side Mining Company,) there are foor sets of steam jiggers, in which the ma> 
terial, always accompanied 4>y water, is passed through many sicTes, the finest be- 
ing of brass wire with a mesh of one-sixteenth of an inch. The gravel from the 
ornshers is now being shipped for ballast on railways and roads. The railways pay 
25 cents per car load above the cost of loading. The finer taiUngs are beginning to 
be ased in making coarse mortar. It U yery even in siae, and should become exten- 
sively useful. Silicate of zinc does not go through these processes of crushing and 
washing, nor does carbonate of lead. The occasional chunks — from the siae of the 
fist to that of a nut — are separated by hand at the mouth of the mine, and are 
shipped to the smelters when there is enough for a load. 

Professor Mudge, in the first biennial report, states that the annual output of 
lead ore reached 6,000,000 pounds, but gives no estimate of the amount of zinc. 
He, however, noted that two zinc smelters had then been established in the State. 
Let ns see what this mining industry amounts to now. Mr. Ghas. T. Dana, of the Ga- 
lena TimeSf has now for nearly three years personally collected the data for a weekly 
statement of the output of the mines of the Galena district. He goes to two sources 
for the rough or^ which show slight discrepancy, but the statements for smelting ore 
are sufficiently accurate. We give one week's statement, which shows the number 
of companies operating, as well as the amounts of the products : 

STATEMENT OP OUTPUT OF ORE ( IN POUNDS ), FOR WEEK ENDING OCTOBER 29, 1892. 



GBU8HXB8. 



Stone's crusher No. 1 

Stone's crusher No. 2 

Robert Crowe 

\Murphy No. 1 

Murphy No. 2 

<}alena Lead and Zinc Company . 

Wyandotte 

Emmons & MUler 

Murphy & Murphy 

B. Cooley 



OOMPANIXS. 

South Side Mining and Manufacturing Company , 

Galena Lead and Zinc Company 

Windsor 

Cornwall Mining and Smelting Company 

Empire Mining Company 

Ohio Lead and Zinc Mining Company 

Illinois Lead and Zinc Company 

Grade Clark Mining Company 

Stone Mining Company 

Maggie Taylor Mining Company 

0. Sparks Mining Company 

Annie Laurie Mining Company 

Templar Mining Company 

Central Mining Company 

State Line Mining Company, \ 

^m Euclid Company, ) 

Crystal Mining Company 



BOUGH OBK. 



Crushed, 



284,060 
197,770 
616,170 
628^0 
294,980 
320,410 



250,000 
845,490 



Sold. 



Zine 
ore sold. 



111,810 



93,470 
146,480 

60,840 
146,430 



363,740 
362,640 



24,000 
72,340 



120,680 
76,980 



Lead 

ore 

sold. 



1,470 



9,220 



86,610 

212,390 

69,830 



26,280 
6,660 



20,000 



69,000 
264,000 



213,480 



31,650 



21,340 
69,760 



27,740 



26,000 
' '8,'666 



6,000 



6,000 
27,340 



60,190 



30 
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Statement ov Output of Orb— Cbnc/iMlMi. 



CBUSHEBS. 



Fahlenback & Go 

Sonneberg Mining Company 

Queen Bee Mining Company 

Harrelson Lead and Zinc Company. 

Battlefield Mining Company 

J. M. Cooper Mining Company 

B. Cooley 



Neutral lots 

liOg Cabin Mining Company. 



Totals. 



BOUGH OBE. 



CnuJusd* 



2,737,100 



Sold, 



136,000 
17,000 



428,846 
120,000 



2,336,930 



Zinc 
ore Mid, 



66,000 
7,600 



41,270 



123,380 



1,261,770 



Lead 

ore 

told. 



2,400 



62,000 



188,660 



Sales aggregated, total value, $16,244. 

SHIPMENTS. 

^^Gulf ^^ railroad : Zinc, cars, 2; gravel, oars, 43. 

"Frisco" railroad: Lead, cars, 8; zinc, cars, 27 ; gravel, cars, 14. 

liEAD OBE TUBN-IN. 

" This week was one of the biggest In Galena this year In the production and sale of zinc ore. The 
price was the same as the week before, viz.: $18 for crushed ore and $20 for free ore. Lead is not any 
higher, but there is a very ready market. The sale of manufactured lead never was bigger than it has 
been this season, and, on this account, the price of lead Is likely to rise In the near future." 

An examination of these weekly returns shows great variations in the amounts 
of ore raised. These are illustrated by the figures for three weeks, including the 
greatest and the least, in 1892: 



Week ending — 



January 16. . 
January 23. . 
November 6 



Zino ore, 
pounds. 



640,000 

80,080 

1,496,780 



Lead ore, 
pounds. 



29,330 

12,890 

268,680 



One oause of the variation shown is the faot that the returns are made from 
sales, which vary somewhat with the market price, some owners holding their 
stocks occasionally for better prices. Another cause is actual variation of output, 
which is usually diminished when the spring rains flood many of the mines, or se- 
vere winter weather interferes with the outdoor work. T)ie ratio of lead and zino 
is also fluctuating, lead sometimes being more than half the zinc; at others^ less 
than one-eighteenth. 

The totals for the years last past will show how this mining industry has grown, 
and something of its fluctuations: 



Tear. 


Authority. 


Zinc ore, 
pounds. 


Lead ore, 
pounds. 


1878 


Professor Mudge^s estimate 




6,000,000 
8.347,927 


1890 


0. T. Dana ... .7 


48,360,888 
41,283,661 
47,623,778 


1891 


0. T. Dana 


7,204,420 
14,376,340 


1892 


0. T. Dana: 



Total values for 1892: Zinc ore, $437,236; lead ore, $301,903; gravel, $13,000. 



While individual ventures are often made at a loss, the operations of a company, 
covering five or ten acres or more, are almost always remunerative. The South 
Side Mining and Manufacturing Oompany owns 80 acres of the old lands and some 
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more in the new. Originally establiehed in 1877^ with a name only slightly differing 
from its present designation, it had a capital of $4,000, The ohange of name was 
made in 1881, and the capital made np to |500,000, on which it pays good diyidends. 
One of the newer companies, only two years old, is making regnlar diyidends of 
over |2,500 per month on a capital invested probably not exceeding three months' 
diyidends. The following extract from a Missouri paper refers to some of the 
newer Kansas mining camps, though the word ** district" means the Eansas-Missonri 
mining region: *' . . . Central and Crystal lands present the liveliest ap- 
pearance of any camp in the district. New prospects are starting np and new 
strikes being made almost every day." 

Present indications are that the more extensive Missouri mining region will be- 
^in to be considered an adjanct to the more frnitfnl Galena district. 

SMBIiTINO. 

From 1879 to May, 1891, the Sonth Side Mining Company smelted its own lead 

ore; bat it pays best to send the lead ore to the lead-smelting centers — Galena, 111., 

^t. Lonis, etc. — and since the latter date all lead ore is sent oat of the State for 

Ihat purpose. This is not the case with zinc. The proximity of coal, at Scammon- 

Tille, Weir City, and Pittsburg, has led to the establishment of zinc smelters at those 

places. It takes between two and three tons of coal to smelt one ton of zinc ore; 

therefore, the ore is taken to the coal. The first zinc smelter was established at Weir 

€ity in 1873. The company is now known as the Weir City Zinc Company. For 

smelting, the furnaces are built in pairs. Each pair is called a block. The progress 

of the zinc-smelting industry has more than kept pace with the progress of zinc 

mining in Kansas. Much of the zinc ore of Missouri comes to Kansas to be made 

into metallic zinc. The progress of one or two smelting companies and the dates 

of the establishment of others will show the large and steady increase of the zinc- 

dmelting industry. 

The Weir City Company had four furnaces in 1873; added four in 1883; two in 
1889; and two in 1891. 

This company has, also, works of the same size at Pittsburg, having added the 
last two furnaces in October, 1892. Robert Lanyon & Co. were the first to establish 
at Pittsburg. Their furnaces began as follows: Two furnaces in 1878; two in 1879; 
foor in 1881; and two in 1889. 

The zinc smelters now in Kansas are as follows: 

1. Weir City Zinc Company, at Weir City, 12 furnaces; established 1873. 

2. Weir City Zinc Company, at Pittsburg, 12 furnaces; established 1885. 

3. Robert Lanyon & Co., Pittsburg, 10 furnaces; established 1877. 

4. W. & J. Lanyon, Pittsburg, six furnaces; established 1882. 

h, S. H. Lanyon & Bro., Pittsburg, six furnaces; established 1880. 

6. Pittsburg and St. Louis Zinc and Land Company, Pittsburg, eight furnaces; 
established 1891. 

7. Granby Mining and Smelting Company, Pittsburg, eight furnaces; established 

1881. 

8^ Girard Zinc Company, Girard, four furnaces; established 1890. 

9. Scammon Zinc Company, Scammon, four furnaces; established 1890. 
10. American Spelter Company, Galena, six furnaces; established 1892. 

Total, 76 furnaces. 

It will be noted that seven of these zinc works are in the coal region of southeast 
Crawford county, the Girard works being some miles east by south of that city. The 
others are in Cherokee county. The one last named in the list is an exception to 
^he rule that the ore is brought to the coal. The reason is that the American Spelter 
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OompsDj havo bnilt their fnmacea on a more oompaot plan, and the heat is supplied 
by ooal gas. I( is claimed that this method sares SO per cent, ot the ootJ uaed, and 
that there is a further saving ot 30 per cent, iu the labor reqafred to pcodaoe a given 



zinc tomBcea, Pittsburg. 

qnantitf of spelter, which is the word nsed in the market to designate the metallic 
ontpnt of the tnrnaoes. The spelter worka at Qalena, mider these oonditione, are 
not therefore worse situate than those on the coal-field to the north. The ose ot gas 
iu zino smelting is, however, not ;et lalif established, though it is in ase at La Salle 
and Fern, in Illinois, and at Oaioadalet, In Miasoari. At Marion, Ind., natnral gus 
is nsed for the pnrpoae. The Granbf works, at FiCtabarg ( No. T in the list), have 
been shot down since the beginning of September, while experiments are made on 
modified fninaoes, in which gas is to be nsed. , 

The prooeases that eitcaot the bright metal from the ore ma; be briefly desoribad. 
The brown, gravel-looking ore which left the jigKera, as previonsl; deacribed, is dried, 
and then Bnbjeoted to "roa»ting" or calcining In a farnace of a peonliar conatrnctioo, 
whioh eliminates from it a large proportion of the anlphnr, which eaoapee ap the 
smoke-ataok in fames of snlphnrlo acid, which is not friendly to the v^etation to 
leeward. The roasted ore ia than mixed with a oertain proportion of coke, which ia 
previonsly broken to a fineness nearly the same aa that of the ore. It then goes to 
the Bmeltittg fnmaoe. This oonsists of severe rows of oflindrioal reforU, about i 
feet long and 11 inobes external diameter, made of fire-clay, which lie in horizontal 
rows, one above another, and resting in the walla of flre-biick, and so arranged that 
the sapplied heat gets all aronnd them. The open ends ot the retorts are oafward, 
and fitting into each ia a hollow tranoatad cone of amallec dimenaions, called a con- 
deiuer, alao made of fire-clay. The narrow ends of the cones are oatward, and pre- 
sent to view glowing rows of greenish flames. The closed ends of the retorta at the 
back ot the farnace are separated only by a wall ot flie-brlck from the back of the 
nest fomace, which faces in the opposite direction, the two forming a blocfc. The 
retorts, charged with the miitare of ore and coke, are anbjected to tarDaoe heat so 
intense that the charge is vaporizad. The vapors pasaing into the condensers, where 
a lower temperatnre prevails, the vapor ot zinc oondensej into the molten metal; 
which being drawn oB, with some aahes whioh float on its sarface and are readily 
skimmed off, the white metal is poured into iron molds not more than an inch deep, 
and, when cold, plates of spelter are removed weighing from 43 to 60 ponnds eaoh, 
and bearing from the impression at the bottom of the mold the brand of the 
company. The Weir City Company's brand is the word "Oherokee"; the Qranby 
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Company has the single word "Granby," and the Soammon Company the word 
*<Soammon." All the other companies have for brand the full name of the firm* 
Besides this, the American Company has the deyioe of an eagle, 

£?ery company makes its own coke, and the retorts and condensers are all made 
on the premises. The fire-clay comes from the neighborhood of St. Louis, though 
some experiments on Kansas clays are in progress, and, for condensers, so far with 
some degree of success, but smelters are chary of using untried material in retorts, 
as the bursting of one of them involyes considerable expense. The wages of the 
head man at a furnace are about S2.40 per day, while his assistant gets $1.75. These 
meo get a small premium, graded on the amount of spelter produced, which acts as 
a hindrance to waste. Other men about the works have wages ranging down to $1.25 
per day for the least skilled labor. 

There is eyer some improvement taking place in the smelting business, the 
newer furnaces producing a little larger amount of spelter with the same or less 
expenditure of labor and fuel. But the general average of the daily production is 
not greatly different in any of the works when all the blocks are taken together. 
The larger works have a little advantage in the matter of unskilled labor, as it does 
not take more than five times as much of such labor to run six blocks of furnaces as 
to rnn one block. In 1891, pne of the Lanyon firms produced, from six furnaces 
5,026,000 pounds of spelter, from 12,060,000 pounds of ore, by using 19,000 tons of coal. 
This gives an average of about 2,100 pounds of spelter for each furnace per day, 
and though some furnaces produce at times as high as 2,700 pounds per day for weeks 
together, as I saw by records shown me of the daily runs at some of the works, yet, 
taking into account fluctuations in the quality of ore, and occasional stoppages for 
repairs, it is probable that the amount does not greatly exceed the average given 
above. Taking into account some improvements in all works, and calling the aver- 
age 2,250 pounds, and deducting for the temporary shut down at the Granby, and 
for the time new furnaces have not been at work this year, we may reckon that 65 
furnaces have been in full blast all the 866 days of 1892 — for these furnaces never 
stop but for repairs — which have produced an aggregate for the year of 54^000^000 
pounds of 8]oelter or metallic zinc. The value of this product is not less than 
$2,000,000. This is 27,000 tons, which represents fully 65,000 tons of washed ore, of 
which a little less than one-half is raised in Kansas, the rest coming from Missouri. 
About one-third of the Kansas ore is used by the Weir City Company. The rest is 
distributed among other firms, but the St. Louis and one or two other companies 
use no Kansas ore. Silicate of zinc requires a special form of furnace for oalcinmg 
(roasting) it. Robert Lanyon & Co. use about five tons of this ore daily, and the 
Weir Oity and the St. Louis companies are also provided with the special furnace. 
As, however, the silicate is more useful in the manufacture of the oxide for paint, it 
is not likely that its use for making spelter will increase. The average number of 
men employed to a block of furnaces is about 80, so that the zino-smelting industry 
employs in Kansas nearly 1,200 people directly, besides the indirect employment of 
colliers, railway employ^, and the army employed in Kansas and Missouri digging, 
erushing and washing the ore. 

The finished product, spelter — metallic zinc — is found, on analysis, as might be 
expected from the association of the ores, to contain a very small per centum of 
lead and a still smaller trace of silver. It is probably as pure a product as any of 
the non-precious metals ever gets to be. It is sent to Philadelphia, Pittsburg, New 
York and other places, to take a very important part in the arts of life. What we 
«ee as sheet zinc — the spelter plates rolled thin — used under and about our stoves, 
shows but a small part of its utility. It is used as an alloy of other metals. It 
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forms one-third of the weight of ordinary brass, and is one per cent, in composition 
of the bronze nsed in coinage. Salts of zinc have been nsed in medicine, and it ia 
frequently nsed as a snbstitate for lead, both as a metal and as a paint. Probably, 
however, its most extensive nse is to coat iron ware — backets, pipes, wire, nans, - 
tanks, etc. — to' preserve it from rnst. The coating is done by electriciti^ and we 
know the product as galvanized iron. To all these uses the ores and smelters of 
Kansas contribute a large share. 

SIIiVXB SMEIiTINO. 

We have noted that mnch zinc ore from Missouri is brought to Kansas to be> 
smelted. We will briefly note here that this is true to some extent of silver ores. 
Though all excitements about the discovery of silver ore in the State have been with- 
out foundation, it pays to bring ores from Colorado to eastern Kansas where coal 
is cheaper. Pittsburg, in Orawford county, besides being the headquarters of zine 
smelting, has the works of the ^^Chick Short-Method Gold and Silver Refining Com' 
panVi'^ which, established in 1891, is dealing by a new process with the ores of the- 
{Precious metals. Argentine, in Wyandotte county, has two plants engaged in simi- 
lar work, of which one has already produced from the ores reduced 9,600,000 ounoea 
of silver. The people of Kansas Oity speak of this as the silver suburb. 

COAL. 

There has been some coal mined in Kansas from the early days of settlement.. 
Seams outcrop in Oherokee, Crawford, Bourbon, Linn, Neosho and Labette coun- 
ties, and (hese outcrops have been worked by drifts into the hillside and in plaoes- 
by ^'stripping'' off superincumbent earths, and even limestone, when the thickness- 
has not exceeded a few feet. We have already noted that the coal in the counties 
above named is near the bottom of the coal measures. At Leavenworth three shaf t» 
have been sunk to a depth of 720 feet, which get coal 22 inches thick, also near the 
bottom of the coal measures. More recently a shaft has been sunk 2^ miles west of 
the State shaft, at Lansing, which reaches the coal at a depth of 8 11 feet. 

In the report of 14 years ago. Professor Mudge mentioned one shaft at Leaven- 
worth — all there was then — and he gives statistics of the quantities of coal shipped 
on the railway from Leavenworth, and also the quantities shipped on the Fort Scott 
& Gulf road from the coal districts of the eastern tier of counties, from Linn south.. 
Of the beds in the upper coal measures — Osage county — the Professor gives na 
s^tistics, though he describes the coal area and its proximity to the railway. 

Professor Mudge says: *^The thickest and best seam of coal in Kansas is the- 
Cherokee bed, found in Cherokee, Crawford and Labette counties. It extends from 
the Indian Territory, entering the state near Ohetopa, and runs across the south- 
east part of Labette county, the west and northwest parts of Cherokee, and south- 
east part of Crawford, and enters Missouri." This description of position i» 
practically correct to-day, though on part of this area it was another seam that- 
was probably known at that time. On the eastern edge of this line there is, how- 
ever, only the one seam that is worked. Its workable area has largely been increased 
within the limits formerly known. At a few miles north of Columbus the coal min- 
ing region begins, and we have a series of mining towns — Scammon, Weir City^ 
Cherokee, Fleming, Frontenac, Pittsburg, Arcadia, Minden — around which the coal 
seam, whose average thickness is over 40 inches, is worked. In the northeastern 
part it is worked in "strip" banks and drifts; in the southern part by shafts, the- 
deepest of which is 140 feet. In part of the district there is a workable seam above 
this. The widest part of this area is said to be eight miles, but it is not more than 
about four on the average. Recently Mr. John Marchant reports having made ft 
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^^prospect " drill hole If miles east of the railway station at Soammon, and found 
ooal 33 inches thick. This would extend the width of the field at that place more 
than a mile, as Soammon has been considered on the east edge of the field. W. E. 
Tprkington, Esq., manager of the Western Prospecting Oompany, supplies the fol- 
lowing drill record, which, some little distance west from Cherokee, gives the sncces- 
sion of strata, which may be considered abont an average statement for the middle 
of this coal region: 



8TBATA. 



1. Soil £ind clay 

2. Coal 

3. Fire-clay 

4. Qray shale 

6. Conglomerate limestone. 

6. Gray shale 

7. Black shale 

8. Coal 

9. Fire-clay 

10. Gray shale, soft 

11. Drab shale 

12. Limestone 

13. Fire-clay 

U. Gray shale 

16. Black shale (good roof) . 

16. Coal 



Thiok- 




ne88of 


D^th. 


stfXLta. 




FT. IN. 


FT. IN. 




16 6 

17 10 


1 4 


8 


18 6 


8 6 


22 


4 


26 


2 6 


28 6 


10 1 


88 7 


1 1 


89 8 


1 4 


41 


6 


47 


4 9 


61 9 


4 8 


56 


1 4 


67 4 


6 


68 4 


8 


71 4 


2 2 


78 6 



STRATA. 



17. Flre-day, soft 

18. Gray shale 

19. Drab shale 

20. Coal 

21. Fire-clay 

22. Gray shale 

28. Drab shale 

24. Blackshale 

26. Coal 

26. Gray shale, hard (good roof) 

27. Ooal (the main) 

28. Soft, bitumlnoas clay 

29. Coal 

80. Fire-clay 

Drill stopped in the clay. 



Thick- 


ness of 


strata. 


FT. 


IN. 


1 


4 


14 


8 


3 


8 


1 





1 


6 


20 


4 


12 





4 


6 




9 


20 


3 


8 


4 


1 


8 




4 


2 






D^th, 



FT. IN. 

74 10 
89 6 
98 2 

94 2 

95 8 
116 
128 
182 6 
188 8 
158 6 
166 10 
158 6 
168 10 
160 10 



The foregoing, which is a prospect hole made with a diamond drill, may be com- 
pared with the following, which is the record of the shaft of Oherokee Ooal Mining 
Company, at Cherokee, bnt over the line in Cherokee connty: 



8TBATA PA8S1ED TBB0I70H. 



1. Soil and clay 

2. Soapstone t . . 

8. Coal 

4. Black shale 

5. Black sulphur rock 

6. Coal 

7. Flre-day 

8. Fire-clay and bowlders (con- ) 

cretlODS ) 

9. Soapstone 

10. Marble 



TKieh- 




nessof 


Depth. 


strata. 




FT. IN. 


FT. IN. 


12 


12 


6 


17 


1 8 


18 8 


10 


28 8 


1 


29 8 


2 2 


81 5 


8 


84 6 


6 


40 5 


6 


46 5 


1 


47 6 



STBATA PASSBD THBOUOH. 



11. Soapstone 

12. Blackslate 

13. Coal 

14. Fire-clay 

16. Sandstone rock 

16. Black slate, bowlders near > 

bottom ) 

17. Coal 

18. Bastard sandstone 

19. Sandstone 

20. Goal 



Thick- 


ness of 


strata. 


FT. IN. 


10 





6 







10 


4 





9 





16 







8 


20 





16 





8 






Z>epth. 



FT. IN. 

67 6 

63 6 

64 8 

68 8 
77 8 

92 8 

92 11 
112 11 
127 11 
180 11 



No. 6 of this corresponds with No. 16 of the prospect record, and No. 20 to No. 29. 
The differences in depth are dae mainly to the dip, bat a little also to difference of 
sarfaoe levels. After allowing for the uncertainty of miners' terms, there is here also 
evidence of the change in the character of formations of the same horizons. Sand- 
stones become hard shales (probably arenaceous), and vice versay in a few miles. This 
change is less often seen in limestones which persist over large areas, bat it is also 
oommon with the coal seams, which never persist in Kansas more than a few miles 
east and west, and thongh continuing farther in the direction of sonth by west, 
which is the Spring river trend before mentioned, yet they also ran oat in that di- 
leotion also. In the series of coal beds above the Cherokee-Crawford field — that of 
Fort Scott — we have an example in point. The coal at Fort Scott and neighbor- 
hood is known as Moand coal, for it crops near the top of the promontories and 
mounds that overlook the lower levels of the land towards Dry Wood creek and as 
^ar soath as the northeast of Crawford county. The following is a typical section 
in the city of Fort Scott: 
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1. Fragment of the hard, roagh layer, limestone, 2 to 10 feet. (This is the 
Pawnee limestone, which further west rans ap to 60 feet thick.) 

2. Black laminated slate (almost coal), 6 feet. 

3. Yellowish and greenish clay shale, 4 feet. 

4. The hydraulic limestone (the cement rock), 4 feet. 

5. Olay with nodnles, 6 inches to 1 foot. 

6. Laminated coaly shale, 2 feet. 

7. Goal, 18 inches to 2 feet. 

8. Laminated yellow shale, 20 feet. 

The black slate. No. 2 of this section, frequently giyee about a foot of usable 
coal. The "cement rock,*' No. 4 of the section, is very persistent, and is a charac- 
teristic of the district topography. It thickens in places to six or seven feet. No. 7 
is the Fort Scott coal. It is probably the coal worked just east of Girard, in Craw- 
ford county; but to the southwest, near McOune, and further still, in the bank of the 
Neosho above Oswego, while the cement is there, the coal is represented by a hard, 
black shale — slate, as the miners term it. 

Goal is mined i^t La Gygne, Boicourt, and Pleasanton, in Linn county, which is 
probably about the horizon of the coal above the sandstone plateau of Bourbon 
county. It is 110 feet deep at La Gygne, 93 feet at Boicourt, and 90 feet at Pleasan- 
ton. There are differences in the coal and the accompanying shales that make it 
difficult exactly to correlate these beds. 

As previously mentioned, the Osage county coal is in the upper coal measures, 
and the coal of Lyon, Shawnee and Coffey may be considered as of the same hori- 
zon, and that also in the Verdigris valley, farther south. State Inspector Stewart 
says of this field: ''The vein dips to the north and west, as usual throughout the coal 
measures of the state. It ranges from 12 inches thick, west of Topeka, until it 
reaches 22 inches at Scranton, gradually getting thinner, when it again gets to 11 or 
12 inches thick at Lebo, in Goffey county. At Burlingame, where it is mined 
furthest to the northwest, the deepest shafts are situated, some of them being over 
100 feet deep. It is mined from strippings, drifts, and shafts." It is probable that 
the coal in the north of Nemaha county is of this horizon. 

The coal in Leavenworth county is, however, of the lowest coal measures. It is 
reached by the deepest coal shafts in the state. There are now five of these mines. 
In 1881, Mr. Oscar Lamm, manager of the shaft at the State Penitentiary, published 
the record of the strata passed through. We reprint it, in an abridged form. It is 
as follows: 



8TBATA PA8S1ED THSOUGH. 



1. Surface clay, bowlders, etc. . . 

2. Limestone, gray ,.. 

3. Shale, black 

4. liimestone, blue 

5. Soai>stoiie, light drab 

6. Limestone, gray-dark 

7. Shale, green-gray, etc 

8. Limestone, brown, etc 

9. Limestone^ gray, etc ......... 

10. Soapstone, light drab 

11. Limestone, brown, etc 

12. Shale, black, etc 

18. Limestone, gray-dark 

14. Shale, gray-black 

15. Limestone, brown 

16. Shale, gray-pnrple 

17. Limestone, gray 

18. Shale, green 

19. Limestone, gray 

20. Shale, gray, etc 

21. Limestone, drab 



ITiick- 




nesaof 


Depth. 

1 


strata. 




FT. IN. 


PT. IN. 


85 6 


35 5 


12 


47 6 


3 11 


51 4 


2 5 


53 9 


23 6 


77 3 


15 8 


92 11 


23 


115 11 


6 8 


122 7 


7 10 


130 5 


37 


167 5 


17 10 


185 3 


11 8 


196 11 


4 10 


201 9 


3 2 


204 11 


1 1 


206 


8 


214 


6 5 


220 5 


1 6 


221 11 


2 5 


224 4 


16 6 


239 10 


10 2 


250 



STRATA PASSED THBOUOH. 



22. Shale, gray, etc 

23. Limestone, gray 

24. Shale, gray, etc 

25. Limestone, dark gray 

26. Shale, black, etc 

27. Limestone, light gray 

28. Shale, gray, etc 

29. Limestone, gray, etc 

30. Limestone, bla(^ etc. 

31. Shale, black, etc , 

32. Limestone, gray 

33. Shale and limestone, drab, etc 

34. Limestone, light gray, etc 

35. Shale, gray, etc 

36. Limestone, brown , 

37. Shale, drab , 

38. Coal, black 

39. Shale, drab 

40. Limestone, light brown 

41. Shale, black, etc 

42. Limestone, gray 



Thick- 




netacf 


D^th. 


atroto. 




FT. IN. 


FT. IK. 


18 4 


268 4 


2 6 


270 10 


4 3 


275 1 


1 11 


277 


5 10 


282 10 


1 7 


284 6 


1 6 


285 11 


21 


306 11 


4 


310 11 


10 1 


321 


18 8 


339 8 


9 


348 8 


12 3 


360 U 


142 8 


603 7 


6 


604 1 


7 10 


51111 


2 


612 1 


9 2 


621 3 


5 


626 3 


3 9 


630 


1 


631 
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8TBATA FA8SKD THBOUOH. 



43. Shale, black. 

44. LlmestoDe, gray 

45. Shale, black, etc. 

46. LimestoDe, light gray. . 

47. Shale, black 

48. Limestone, light gray. . 

49. Sandstone, brown-gray. 

60. Shale, black 

51. Limestone, brown 

52. Shale, black 

53. Coal 

54. IHre-clay 

56. Sandstone, gray 

56. Shale, drab 

57. Shale, bltcuninous 

58. Shale, buff 

59. Limestone, light gray. . 
^. Shale, drab-purple 

61. Limestone, light gray . . 

62. Shale, black 

•63. Coal black 



TMek- 


neascf 


atrata. 


FT. IN. 


1 


3 2 


7 6 


3 6 


6 


2 


8 3 


12 


3 3 


2 6 


8 


6 


4 


2 2 


1 8 


1 9 


4 


9 6 


2 2 


4 9 


7 



Depth. 



FT. IN. 

632 

636 2 

642 7 

646 

646 6 

648 6 

666 9 

668 9 

672 

674 6 

676 2 

676 8 

679 8 

681 10 

683 6 

686 3 

689 3 

698 9 

600 11 

606 8 

606 3 



BTBATA FA88XD THBOUOH. 



64: 

66. 

66. 
67. 
68. 
69. 
70. 
71. 
72. 
78. 
74. 
76. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 



Fire-day, drab 

Limestone, light gray. 

Shale, drab 

Limestone, light gray. 

Shale, drab 

Limestone, light gray. 

Shale, bla<^ 

Fire-clay, dark 

Shale, light, sandy . . . . 

Shale, dark drab 

Limestone, dark gray. 

Shale, drab, etc 

Coal 



Fire-clay, drab 

Sandstone, black 

Slate, drab, etc 

CoaL 

Fire-clay and shale . . . 

Shale, dark 

Slate, drab and black. 
CoaL 



Thiek- 




nesaof 


D^th. 


strata. 




FT. IN. 


FT. IN. 


6 1 


611 4 


3 8 


614 7 


2 3 


616 10 


1 10 


618 8 


4 


619 


2 7 


621 7 


2 4 


623 11 


3 7 


627 6 


24 


661 6 


8 


669 6 


6 


660 


10 1 


670 1 


10 


670 11 


2 


671 1 


6 


677 1 


7 1 


684 2 


2 


684 4 


1 4 


686 8 


8 


688 8 


23 4 


712 


1 9 


713 9 



There has been a deep boring made at Leavenworth since the date of Mr. Lamm's 
record. It was a city prospect well. The drill reached the depth of 2,116 feet. Two 
Beams of coal were penetrated below the horizon of the seam preyioosly worked. 
One is only 25 feet below, but the other is nearly 270 lower. It is said to be two 
feet thick, and its bottom is 990 feet deep. There is black shale 200 feet below, and 
possibly that is the bottom of the coal measures. 

One of the indications of the growth of the coal industry and the great exten- 
sion of the known areas of workable coal is found in the fact that there has been 
now for six years a state inspector of coal mines. We haye already quoted from 
reports of the present inspector, John T. Stewart, and we are indebted to him for 
the statistics we shall now use, those for 1891 being kindly furnished in advance of 
publication. Comparing with some information given by Professor Mudge, it will 
4)e seen how large now is the coal industry of the state. 

Professor Idudge gave a total of 9,612 oar-loads shipped on various lines of rail- 
way, but apparently including none from the Osage county field. If that field then 
raised its present proportion to the whole, the number would be raised to 11,600 
^ars. This is fully equal to 120,000 tons, or 3,000,000 bushels. As this, however, 
was only the railway shipment, it ipay be assumed, perhaps, that the product of 
Kansas coal reached 5,000,000 bushels in 1877. Let us see what it is more recently. 
The following statement by counties will show that several counties have each far 
-exceeded the whole output of the earlier date: 

COAL OUTPUT FOB 1891. 



COUNTY. 


Mines 

and 

drifts. 


StHp 
banks. 


Bushels of 
mined coal. 


Btishels of 
stripped coal. 


Total 
bttshels. 


Value. 


No. of 
em- 
ployes. 


Boarbon 


2d 
20 
18 

Id 


70 
14 
30 

""29" 
20 
6 

■■'15* 

"■*63" 
2 






600,000 

22,428,277 

24,446,664 

36,600 

427,114 

838,000 

61,000 

7,479,406 

1,226,600 

86,200 

11,626,616 

203,811 

64,300 


$32,600 

1,098,629 

1,166,912 

3,294 

38,000 

71,907 

6,600 

448,762 

61,000 

8,620 

974,227 

24,400 

6,970 


176 


-Cherokee 


21,918,463 

23,184,786 

36,600 


609,814 
1,261,779 


1,990 

2,230 

6 


€rawford 


Chautauqua 


•Coffey 


427,114 

283,600 

61,000 


117 


Franklin 


14 


664,600 

"7,4791466 " 

878,600 

86,200 

10,202,633 

169,692 

64,300 


196 


Labette 


26 


Leavenworth 


6 
7 
6 
106 
6 
2 


887 


Linn 


347,000 


166 


Lyon* 


36 


Osage 


1,422,882 
44,119 


2,917 
60 


Shawnee* 


Jf emaha* 


24 








Totals 


186 


239 


64,644,079 


4,317,208 


69,411,287 


3,928,621 


8,829 



♦Figures for 1890. 
—4 
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The namber of mines yaries as the areas of ooal are worked oat and new mines 
opened, and this is particularly trne of the strip banks. These are almost inva- 
riably on the lower edge of a slope, and as they work into the hill the amount of 
earth or rock to be stripped becomes greater and passes the limit of economic work. 
Then the bank mast be abandoned or work by drifts take its place. The thioknees 
of snperincambent earth that can be economically "stripped" does not exceed 10 
feet, and it is only in exceptionally favorable circumstances that stripping exceeds 
six feet. x 

The figures given above show the magnitude of the industry at the close of 1891. 
The increase is from year to year. The following will show the increase on the pre- 
vious year for the counties named, and they are representative of the whole: 



C0UNTIX8. 



Cherokee 

Crawford 

Franklin 

Osage 

Leavenworth. 



Totals 60,115,636 



BUSHIXS OF OOAL. 



1890. 



19,338,189 

21,606,377 

779,350 

11,715,550 

6,676,070 



1891. 



22,428,277 

24,446,564 

838,000 

11,626,615 

7,479,406 



66,817,762 



Increase. 



3,090,068 

2,840,187 

58,650 

"sosisse 



♦6,702,226 



Decrease. 



90,035 



* Net increase. 



The net increase on these counties is probably in the same proportion as in the 
other coal-fields, and it is highly probable that the output for 1892 will show a simi- 
lar increase. It is therefore likely that the total output of coal for 1892, including 
the lignite, of which which we shall treat further on, will be not less than seventy- 
eight millions of bushels, or over thibty-onb hundbbd thousand tons. 

The quality of Kansas coal has yet to be spoken of. Most of it is well np, for 
all the purposes for which bituminous coal is used. There is no anthracite, and 
there is no cannel coal. The coal of most of the fields makes good coke and some 
is good gas coal. The last fact is particularly true of that part of the southeastern 
field lying between Pittsburg and Weir Oity. Pittsburg and other places are being 
supplied from it with a good illuminant. Professor Mudge caused some experiments 
to be made at Qirard, the result of which was to show that the coal used had only 7 per 
cent, of ash. More recently Professor Bailey has made a series of analyses of Kan- 
sas coals which were published in the transactions of the Kansas Academy of Science.. 
Many samples were examined from most of the districts, and the following is a sum- 
mary of the averages, with some from other States for comparison : 

ANALYSES OT KANSAS OOALS. 



Name. 


Water. 


Volatile. 


Fixed carbon. 


Ash. 


Cherokee 


1.94 
2.08 
2.94 
2.69 
2.07 
6.76 
7.65 
13.70 
1.31 
4.93 
6.75 


36.77 

35.32- 

41.76 

39.21 

39.42 

41.69 

44.40 

46.14 

36.61 

38.17 

36.40 


^2.45 
48.64 
47.55 
47.41 
46.89 
40.86 
37.68 
28.52 
54.17 
49.44 
45.75 


8.84 


Cherokee (upper vein) 


13.96 


Fort Scott 


7.75 


lieavenworth countv 


10.69 


liinn county 


11.62 


Osacre county 


10.79 


Franklin county 


10.37 


Cloud county 


11.64 


Pittsburff. Pa 


7.91 


Nebraska 


7.46 


Warren county, Mo 


11. la 
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LIONITB. 

The foregoing takes no aooonnt of the ooal of north-oentral Kansas, except that 
the table of analyses has a line for Glond oonnty. It will be seen that that ooal has 
a large percentage both of water and ash. We have already remarked that it is no t- 
ooal of the ooal-measares epoch. It is found in that series of cretaceous forma- 
tions which we call the Dakota group. As a fuel, it is mostly an inferior material, 
but as it is more than 200 miles from the carboniferous coal-fields, and a still 
greater distance from the lignites of superior quality found in still higher hori- 
zons in Colorado and Wyoming, it is used locally to a considerable extent, and has a> 
higher money value at the pit mouth than the better fuels of the more distant fields.. 
There is a constant, through scarcely an increasing, supply of this lignite, as it is 
called, because of its more woody structure compared with the coal of the coal meas> 
ures. The following table shows the output for 1890: 



Counties. 

-X — — — 



Cloud 

Ellsworth 

Jewell 

Lincoln 

Mitchell /. 

Bepublic 

Bussell 

Total 



BusKeU. 



162,825 

126,970 
20,000 

162,470 
24,000 
24,660 

160,136 



670,040 



There are some shafts, but most of the coal is o}>tained by drifts into hillsides, 
and these are worked mostly in the fall and winter months by the farmers of the 
vicinity. For about 40 per cent, of the working days of the year, the above 
output gives employment to over 800 men, who can earn 7 cents per bushel, 
which is a higher price than the selling value of the coal in the most of ooal- 
measare districts. It may be that a new use will be found for this lignite as the 
sugar industry develops, as it can be made of service in some of the processes of 
puifying the cane syrup. 

We have seen, then, that the getting of coal, including the lignite, in Kansas, 
employs over 9,000 persons, besides the army of those in other trades more or less 
directly dependent on the coal business, and also without reckoning the industries, 
such as smelting and iron founding, which consume coal in their various operations* 

ROCK GAS. 

Earlier writers had mentioned the small flows of natural gas at the drilled min- 
eral wells of lola. Independence, and Girard, as well as at one or two other places 
in the State, but the first general report on the subject of Kansas rock ga» 
was made in 1886, in the Fifth Biennial Agricultural Report, after the towns of 
Paola and Fort Scott had become especially famous for its use. The gas at thair 
time was in use in the following counties, though there were only two or threo 
places where it was systematically managed. Not counting the small flows from 
the wells above mentioned, gas, in usable quantities, was obtained in Wyandotte,. 
Miami, Linn, Bourbon and Labette counties. In the '* Mineral Resources of tho 
United States," for 1890, Dr. D. T. Day gives the production of rock gas in Kansas as 
the equivalent of 6,000 tons of coal. What it is worth now will appear as wo 
proceed. 

There have been fluctuations in the supply of gas in the places where it was first 
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used, and new localities have been added to the list of places using the new fuel. 
At Fort Scott, the wells have gradually diminished their yield and that city is no 
longer using natural gas. The wells formerly described as supplying the city of 
Paola were situated 7} miles east of that city, and all of them have so diminished 
their supply as to become practically worthless, and the pipe lines conveying the 
gas to the city have been taken up. But Paola has not given up the use of gas. 
Upwards of 60 borings have been made in and about the city, and six wells are now 
supplying gas at a higher pressure and with more volume than the old wells to the 
east. The highest pressure is 125 pounds to the square inch, and the average of 
the six wells reaches 110 pounds. There are also a few wells used by private parties 
at a similar pressure. One of these, at the water-works, has a rock pressure of 145 
pounds; supplies gas jets under the boilers of the pumping engines. Doing this work, 
it is the -equivalent of coal to the value of $800 per annum. The temperature of the 
gas at the mouth of one of the city wells (No. 2) was 63 degrees Fahrenheit. This 
well has the principal supply of gas, in a fine white sand, at from 275 to 286 feet 
deep. This is practically the same in the other wells. Some of the wells are dry, 
but most of them give some salt water at various depths. The firm having the city 
franchise is the Paola Oil, Gas and Mining Oompany, and it supplies most of the 
heating and many of the kitchen stoves in the city. 

The Paola city wells are better than thdse formerly used, mainly because, being 
further west, they are further from the outcrop of the gas sands. 

Osawatomie, still further west, though also south, as might be expected, has still 
stronger flows of gas. W. M. Mills, who practically constitutes the company which 
has drilled the wells at this place, under the firm-name of the Pennsylvania Gas and 
Mining Company, has eight wells from which gas is taken, and one or two not pro- 
ductive. The first was bored in 1886. Now 800 stoves in this thriving railway town 
are being supplied, and the Welshbaugh incandescent lamp is making the gas into a 
powerful illuminant. I was present at the testing of one well (No. 10), which 
showed a rook pressure of 180 pounds. Its temperature was 57i degrees Fahren- 
heit. The highest pressure^is 250 pounds, and that of the lightest well 160 pounds 
to the square inch. The State Insane Asylum is supplied with the gas, and so saves 
the cost of freight on its otherwise large supply of ooaL The variableness of coal- 
measure strata is illustrated by the different depths at which gas is obtained at 
Osawatomie. The principal flows in well No. 1 are at 324 and 424 feet. In well 
No. 8 the main gas is 685 feet, and in well No. 9 it is 686 feet deep. This is the wjbU 
of highest pressure. 

lola is now one of the gas towns. There are now five wells supplying gas to 
this city, and the pressure of No. 4 — the stj^pngest — is said to be 280 pounds. 

Humboldt also has a successful gas well. For a time it supplied one of the two 
boilers of the steam flour mill which manufactured 700 barrels per day. In this 
case, the gas was the equivalent of about 2,000 tons of coal per annum. The mill 
has unfortunately not been rebuilt since a disastrous fire, and the gas is used in the 
restaurants, banks and houses of the town. A second well at Humboldt had an un- 
controllable fiow of brine which rendered the gas useless. 

Ghanute and Independence have recently made' borings for gas, and at the latter 
place the result only partially reached, yet it seems likely to be an important suc- 
cess. The old fiow at Mound Valley is also now being utilized, and that at Kansas 
City is still of service. 

The largest developments of gas, however, are at the two important railway 
towns of Montgomery county — Gherry Vale and Goffeyville. 
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At Gherry Vale the management of the gas is very systematio, and I was able to 
Bee the testing of several of the wells, with the following results : 



Well. 


Volume in cubic feet per min- 
ute by anemometer. 


Rock 
pressure. 


Temperature^ 
Fah. 


Depth. 


No. 1 


990 cubic feet per minute .... 

2,350 cubic feet per minute 

2,600 cubic feet per minute .... 


213 
175 


60° 
58° 
580 
56° 


609 feet. 


No. 2 


610 " 


No. 4 




No. 6 

■ 


^^80 cubic feet per minute 


226 


593 feet. 



No. 2 had gas sands at 200 and 800 feet deep. 

The floioing pressure at No. 2 was 150 pounds, but the pressure at the receiver, 
where all the wells are brought together, was 185 pounds. A return made by Mr. 
J. H. Butler, the secretary of the gas company, gives 4f millions as the highest 
number of cubic feet per day from the strongest well — No. 6. — which is somewhat 
less than that indicated in the figures above. There are nine wells now available 
for use, and the average pressure is given at 240 pounds. The amount being used 
in the fall of 1892 did not exceed 8i millions of cubic feet per day, which indicates 
a great reserve for winter use and future expansion of the business, without the 
boring of additional wells. It is estimated that over 2,500 tons of coal per annum 
are displaced by the rock gas of Cherry Vale. 

, When I visited Ooffeyville in August last, the laying of pipe lines was in full 
progress, and the work at the wells was in an unfinished state, so that it was not pos- 
sible to test rock pressure without endangering the stability of casings, etc. It was 
manifest, however, and was freely admitted by persons interested in the gas of 
Gherry Vale and Osawatomie, that the fiow of several of the Ooffeyville wells was 
stronger than anywhere else in Kansas. The force of the escape reminds one of the 
heavy gas wells in Ohio, and the pressure cannot be less than 800 pounds. W. P* 
Brown, the secretary of the gas company, at a late date, reports the arrangements 
still incomplete, but that five wells are already yielding, gas, and that it is con- 
templated to have 10 wells for the purpose, and gas will be used in quantity before 
this is published. 

• Borings are being made at Fredonia and Neodesha, and it is quite probable they 
may find gas, and, as has already been mentioned, it is not impossible thattit should 
be* found in usable quantities in Wilson, Qreenwood and Ghautauqua counties. 

We estimate that the coal displaced in the towns now using gas, viz., Gherry 
Vale, Osawatomie, Paola, lola, and Humboldt, is not less than 10,000 tons per an- 
num, and Ooffeyville will increase this by fully 3,000, which, with the smaller fiows 
at Mound Valley, Kansas City, and Louisburg, will raise the total to nearly the 
equivalent of 15,000 tons. The value of this varies with the distance of the city 
using gas from the coal fields, but the cleanliness of its use gives it a hold on the 
user which coal does not obtain. 

The rock gas is used for all domestic purposes, including illumination, for the 
heating of steam boilers of various kinds of manufactories, and at Ooffeyville, Osa- 
watomie and in Wyandotte county it has been successfully used for burning brick. 



SALT. 

Two years ago and four years ago, in the sixth and seventh biennial reports of 
this Board, the present writer gave full accounts of the discovery of rock salt and 
the development of the salt industry of the State. This account will be briefer* 
Professor Mudge, in 1866, and again in 1878, called attention to the salt marshes. 
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•salt springs and salt lands of the State, describing, in detail, the Tnthill marsh, in 
Bepablio ooanty, and the method of making salt there nsed at that time. This 
method was singularly like that described by Maroo Polo as in nse in Oathay six 
•centuries ago, though it is highly improbable that Marco Polo and Mr. Tuthill had 
«yer heard of each other. In 1882, Prof. O. St. John referred to the same things, 
and spoke of brines to be obtained in wells in the eastern part of the State. Both 
these writers expressed the view, which was then a common expectation in the State, 
that the salt springs, marshes and wells described by them would be an important 
source of wealth to the State as population increased and the Western demand for 
salt was augmented. Professor St. John gave an analysis of the salt obtained by 
the National Solar Salt Company, by solar evaporation, near Solomon Oity. It is 
noteworthy that that company, established in 1867, is the only one which has, from 
brines comparatively near the surface and far removed from being saturated solu- 
tions, kept on manufacturing salt. In the years preceding 1888 it was the sole rea- 
son that Kansas was placed in the list of the salt-producing States of the Union. 
Probably the stronger brines of Michigan, with its denser population and more 
abundant capital, were the main reasons why the surface salines of Kansas failed to 
be developed to an industry. In my report of 1890, L quoted Professor Mudge*8 
first description of the Tuthill marsh, and I described the ''Big Marsh,'' which 
«tretches from near the northwest comer of Cloud county into Republic and JewelL 
Other marshes were also noted, but a large one south of the great bend of the Ar- 
kansas river, in Stafford county, though referred to both by Mudge and St. John, 
has so far received no adequate description. 

I will briefly state the main points noted in a recent visit made to it, and to a 
smaller one to the south of it. This large marsh is in town 21, range 11 west of the 
sixth principal meridian, and occupies parts of sections 21, 22, 27, 28, 29, 32, and 83; 
so that Professor Mudge's statement that it occupied 2,000 acres is well within bounds, 
though the actual marsh now is probably under a thousand acres, as the encroach- 
ments of sand from neighboring dunes, of soil from ploughed land, and of humus 
made by marsh plants, have largely restricted the saline area. This marsh is unlike 
those in the northern counties: no creek runs through it. It is an inclosed basin 
without outlet. The rim of the basin is almost entirely sand hills. Some but re- 
cently have been bare dunes, but now have thin vegetation, and most are covered 
by herbage whose roots have now matted into a sod. There is a timber claim on the 
south side of the marsh, and good farms in the sand hills further away. A circum- 
stance worth noting is, that in the fall this marsh becomes a large shallow lake, where 
water fowl do congregate. The water rises out of the marsh slowly. It is dear and 
brackish. It is not the result of recent rains. It is there in the dryest year. It is 
probably the result of underground percolation of the rainfall of the previous 
spring, and it is not impossible that it may be connected with the uriderflow of the 
Arkansas valley. At the time of my visit, in September last, several hundred acres 
were covered with water, and it was still rising. The general direction of the marsh 
is from northwest to southeast, and its widest parts are about a mile across. The 
efflorescence, covering scores of acres, was not decidedly white, but was sufficiently 
saline. Digging a hole over a foot in depth near the edge of the water, the salo- 
meter showed the brine, which had a temperature of 76 degrees Fahrenheit, to have 
a strength of 20 degrees, which of course is less than would be indicated by reducing 
the temperature to the standard of 60 degrees Fahrenheit. The rising water would 
also certainly render the brine weaker than if a hole were digged in the dry marsh. 
Professor Mudge gave the brine strength as 8.8 Baume, equivalent to 34 of the usual 
salometer, with the temperature at 60 degrees Fahrenheit. 
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There is another small marsh in this district, south by east from the one above 
described. It is on both sides of the line separating townships 22 and 23, in range 
11 west. It occopies parts of sections 85 and 36 of township 2^, and of 1 and 2 of 
township 28. It had a greater proportional part of its area covered by water, and 
it always has some water, though at this season it rises as in the larger marsh. It 
is an inclosed, undrained basin, but the sand-hill topography on all its borders is 
much modified. As I saw it, there was very slight efflorescence, and the water was 
scarcely to be recognized as brackish. Rattlesnake- creek, coming from Edwards 
county across Stafford to Reno, passes between these marshes. Its waters absorb 
salt, and its taste becomes brackish, but it does not drain either of the marshes. 

These two marshes we have thus noticed because of their difference from all the 
others as to drainage. We, however, note of all the 12 marshes of the State — and 
we have visited all — that they are, since settlement, greatly reduced in area, prin- 
cipally by the dust driven from ploughed lands and from the aid of grasses and 
marsh plants. It appears, too, that the br;ne of these marshes is decreasing in 
strength, though this is leas certain, as the tests made at distant times have not been 
made under the same circumstances. 

It is likely that the salt marshes of Kansas will, in the years to come, be of less 
importance than now. We will, therefore, give them a final enumeration. 

1. Geuda Springs, on the line of Cowley and Sumner counties. 

2. Some miles northwest from No. 1, Sumner county. 
8. Great marsh in northeast of Stafford county. 

4. Little marsh, south by east from No. 8, Stafford county. 

5. On Rattlesnake creek, Lincoln county. 

6. Some miles southeast of No. 5, Lincoln county. 

7. Great marsh on Salt creek, Mitchell county. 

8. Smaller marsh on Salt creek, north by west of No. 7, Mitchell county. 

9. On Plum creek, four miles northeast of Beloit. 

10. On Big Marsh creek, in Qloud, Republic and Jewell counties. 

11. On Little Marsh creek, in northwest Cloud county.. 

12. The Tuthill marsh, in southeast Republic county. 

To these 12 marshes should be added, as surface sources of natural brines, 
the salt pool in Meade county, 130 feet across, opened by a falling in of the prairie 
in 1878 ; the Waconda, or Great Spirit spring, near Oawker City, which is a natural 
artesian pool of saline water 60 feet across; and there is a saline area in Wilson 
county. Some salt licks in Leavenworth county give name to Salt creek. 

Wells in Miami county have yielded brine, and borings in every eastern county, 
from Geary and Wabaunsee to Wyandotte, and from Brown to Labette, have given 
strong salt water. Brine from a gas well at Coffeyville had a strength of 28® in the 
salometer, and that from a well at Paola had a strength of 86°, while some tested at 
lola only showed 20°. Deep borings ( 1,000 feet) at St. Mary's and Wamego seem to 
have pierced three or four feet of rock salt, and recently the drill at La Cygne ap- 
pears to have perforated 80 feet of that mineral, which, from its propinquity to the 
coal fields, may probably be worked to advantage. 

It is, however, near the 98th meridian that the rock salt has been discovered in 
such masses that an important industry has been created since 1887, which employs 
many hundreds of persons and produces now over a million barrels per annum. 
Not marshes or surface pools, but thick beds of solid rock, from 450 feet to 1,300 
feet below the surface, are the sources from which Kansas is to supply the salt de- 
mand of western America. Hutchinson, in the Arkansas valley, where the salt is 
reached at least depth from the surface, is the leader of the salt industry in Kansas. 
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Kb piDdDot gOGB all over the West. We have aeen Hatohinson salt io Meiioo. 
Other salt towns are Antbony, WellingtOD, Nlckeraon, Sterling, Great Bend, and- 
. Kingman. These all have holes bored down to the bottom of the belts of salt, into 
whieb water is poured, and pnmped ap almost immediately a saturated solntion — 
marking on the salometer from 9G° to 100°. B; the nsaal prooesses of boiling and 
eraporaiiott the aalt is obtained, of a high degree of purity — 97 to 99 per oent. on. 
analysia. 



Bnt, besidee this, the rook salt has been reached by shafts and is mined in it» 
solid state at Eingman, Eanopolis, and Lyons. There are two mines at Kingman, 
two at Lyons, and one at Kanopolis. All the mines, ezoept the first at Kingman, 
have their sbafts to the bottom of the salt, a little over 1,000 feat, and are working 
thick veins there and will operate upwards. The exceptional mine at Kingman 
went to the middle of the salt measares and began operations on a vehi eight test 
thick at a depth ot 800 feet. Veins in other mines being worked are 8, 10 and 
18 feet thick. The salt is praotioally muoh thicker than this. The division into- 
veins is by thiu layers of shale, from one or two feet or a (ew inches to the fraction 
of an inch in thiokneas. These seams of shale divide the salt conveniently into 
workable beds, giving an even floor or roof to the mine. The salt measures have 
an average thickness of 800 feel, and in no place yet tested is the workable solid salt 
less than half the thickness of the measures, ezoept at Wellington, where, being^ 
near the outcrop, most of the salt is leached away. 

Borings have proved the eiistenoe of the salt at Caldwell, Eago, Pratt, and Wil- 
son. A te-stndy of the drill record Of the hole bored 10 years ago at Rassell leads 
to the belief that it is highly probable the salt would have been found there at a little- 
greater depth than was reached. But it is not necessary to try to extend the area of 
the known salt deposits, especially as the depth at which they will be reached will be 
deeper as we go west and sonth. The area from the sonth tine ot the State to north 
of the Smoky river, from 20 to 50 miles wide, under half of which it is safe to as- 
sume that salt exiats fiom 50 to 160 feet thick, suggests a supply so enormous that 
there is no need for extension. A single acre of salt 100 feet thick would yield 
3,178,000 barrels. Six acres wonid supply the whole consumption in the Uniteti 
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This wonld suppljthe 



Slates tor a year. There are fnUy 1,000,000 acres i: 
entire ivodd foi centDTies to oome. 

The deTGlopment of the salt mann- 
faotnre in EaoBas has already caeght 
Qp vi(b the demand. The piodaotion 
[01 IS9I waa 1,100,000 banels. In 1893 
it vUl eioeed that amount. There is 
a IdU In the operations now, and the 
price is low. The works and the salt 
are there, eveF leady to keep paoe with 
the growing demande of the West. 

The geology of Eanaaa salt is inter- 
eetiug. We will state it briefly. The 
briuea of the wella and borings in east- 
ern Kansas are from porous rocks — 
both saodstouee and llmeatonas — of 
the ooal measores, and, as already 
mentioned, one or two beds of rock 
salt are believed to be there. The two 
salt marshea at and neat Genda Springs 

have their salt apparently from the old 1° the mine, Ksaopolls. 

laachings of the salt measnres whioh, 

□ear there, have their ontcrop, the marshes thamselTes being in the highest beds 
of the Fermo oarboniterons and near deposits of gypsnm, in exactly the same 
horizon as the brinea of Salomon City. The great beds of salt rook are in a series 
of gray beds we have called the salt measures, that lie conformably apon the top of 
the lighter Permian. The "Ted-beds" which cover these, and whioh are pieroed 
at every salt town except Wellington, whioh is on the oatorop of the salt measnres, 
contain beds and seams of gypsnm with little salt. The salt marshas of Stafford 
DOnnty are in the highest horizon of these "red-beds," which some years ago we in- 
clined to rank as triassio, bat now think are probably of Permian age. It may be, 
however, that the salt of tbeee marshes is derived from the debris of the snooeeding 
Dakota formations, whioh probably once covered the region, and show now in strong 
foroe In the north of Barton ooonty. The rest of the matshes {6 to 12 in the list) 

have their salt from 
the shales of the upper 
part of the Dakota, 
nearly ooinoident with 
the lignitio horizon of 
Clond, Lincoln and 
Bnssell ooanties. This 
is some GO or 60 feet 
below the lower Benton 
limestones. . The salt 
pool in Meade coanty 
is probably in the same horizon, and this is also trne of the Great Spirit spring, in 
Mitchell county. The gnide to this la the fact that limestones of the loner Benton, 
and at greater elevations than the pools, are In neither case far away, In Nebraska 
there are salt marshes abont the middle of the Dakota formations. The npper 
cretaceous and tertiary beds of the West have no salt. The saline mineral waters 
at Oberlin and Bichfleld are artesian flows that oome from the Dakotae or the red- 




Bolt creek, Ullchel] a 
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beds. The artesian flows at Great Bend and Larned are from the bottom of the 
red-beds or in the salt measares. 

GYPSUM. 

It has already been shown that there are beds of massive, saooharoidal gypsum 
in the Fermo-oarboniferous formations, and also at the top of the Port Riley sec- 
tion. Again, there is the heavy deposit of the Gypsnm Hills, in Barber county, near 
the top of the red-beds. Manufactories of various kinds of plasters of which gyp- 
sum is the base have been begun in each of these gypsum fields. The oldest of 
these industries is that at Blue Rapids, near where the gypsum crops out on the 
banks of both the Big and Little Blue rivers. This outcrop is in what we have oalled 
the Manhattan beds. The gypsum is about nine feet thick. It is handled by the 
Blue Rapids Plaster Company, established in 1877, which, however, was the succes- 
sor of a much older company. The product of this company is gradually increasing 
in quantity, and it is believed that it is now of a high, stable quality. The follow- 
ing figures show^he increase: 1889, 20,000 barrels of plaster of Paris; 1891, 25,000 
barrels; 1892, 80,000 barrels. These works can produce 275 barrels per day of 24 
hours. 

The gypsum has recently been proven to exist within the city limits of Blue Bap- 
ids, and a shaft has been sunk to obtain it by mining. Before this is through the 
press, it is probable that the manufactured product will be on the market from this 
mine. There is an outcrop of gypsum about the same horizon and about the same 
thickness, extending for 10 or. 15 rods, on the west bank of Soldier creek, in the 
northwest of Jackson county. It is too far, however, from railroad facilities to be 
utilized just yet. There are indications in the debris of a valley in northern Brown 
county that massive gypsum exists there also. It will be at an horizon well within 
the coal measures, but its exact position not being known, it cannot be said whether 
it has economic value or not. The horizon at the top of the Fort Riley section is 
utilized for the manufacture of plaster in Saline and Dickinson counties, on the 
first high land south of the Smoky Hill bottom, and on the east side of Gypsum 
creek. At Hope, which is at the eastern extremity of the gypsum belt, the Hope 
Stucco Works are making several varieties of plaster product, at the rate of 20 tons 
in a day of 10 hours. They make a brown stucco, which they name '* Granite Wall 
Plaster,*' and they have a white plaster of Paris, for finish work, which is known as 
the **Hope Challenge Plaster." These products are shipped to Chicago, St. Louis 
and other points of Missouri. There is some disadvantage in the position of the 
rock gypsum here, as its surface has been largely and irregularly eroded, and again 
covered up and the irregularities filled with a loess-like deposit. It has, however, 
failed to stain the gypsum, which is practically the pure mineral. This condition 
is the same as at the neighboring quarries of the plaster factory at Swayne or Dil- 
lon, which produces a finish plaster of about the same quality as the Hope works, 
and can produce about the same quantity. 

One of the important things of late years in the gypsum industries is the dis- 
covery of the AoMB cement. It is a native plaster, of which over 60 per cent, is gyp- 
sum. It is an alluvial deposit in a small valley on the east of Gypsum creek, and is 
a mixture of the wash of the adjacent deposits of gypsum, clay, limestone, and sand- 
stone. It forms one of the best brown plasters ever made. It needs no grinding. 
It is calcined in kettles that hold five tons each, at a temperature of 890 degrees 
Fahrenheit, and, as soon as cold, it is packed in bags holding 100 pounds each. The 
railway agent informed me that shipments had been made in car-load lots to Boston, 
Kew York, New Orleans, Chicago, North and South Carolina, Georgia, Texas, Colo 
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TadO) Oregon, Washington, Canada, and British Golambia. It woald seem, therefore, 
that its oommeroial value is definitely established. Gapt. Geo. E. Pond, late qnarter- 
master in charge of the extensions at Fort Riley, said of it: '* . . . It makes a 
remnTkablj hard and durable wall, that does not oraok, resists moisture, and is yer* 
min proof." The deposit is from 8 to 12 feet thick, and occurs only in two limited 
areas. The scientific interest lies in the fact that it is of such an equable mixture 
of diverse materials, in alluvial deposits suffloiently extensive to promise an increas- 
ing supply for an indefinite number of years. Th« headquarters of the Acme Com- 
pany is at| Salina, where another corporation, the Salina Plaster Company, has 
recently been formed to work some other deposits said to resemble the Acme. 

The saccharoidal gypsum of the upper red-beds is utilized at Medicine Lodge, in 
Barber county. An article published in Harper* s Magazine, in June, 1888, giving 
some written and pictorial descriptions of southern Kansas, referred to the deposits 
of the Gypsum Hills. This attracted the notice of capitalists in England engaged 
in making the finest kinds of finish plasters. Tkey came and examined the Barber 
county deposit, and, seeing the quality of the raw material, its extent and accessi- 
bility, they began, at Medicine Lodge, the manufacture of products that before were 
supposed impossible out of England or France. 

The following is the chemical analysis of the Barber county gypsum: 

Water of combination 19.60 

-Oxide of alomina .09 

Silica U 

Mfignesia '. .67 

Lime 32.52 

Sulphuric acid (18 parts solid sulphur) 45.02 

Alkalies — carbonic acetate , 2.06 

100.00 

Messrs. Best Bros., the manufacturers, have had some of their products tested 
in Washington. The following is the report of these tests: 

Washington, D. G., July 12, 1891. 
Mr, McCracken, Agent BeaVs Keene^s Cement: 

My Deab Sib — Inclosed please find report of tests made at the Washington io 
Georgetown railroad shops of the Medicine Lodge Eeene's cement, which you for- 
warded me some time ago. You will, or should be, both surprised and gratified at 
the result, as it is extremely rare that material of this character will make such a 
showing. I have the brioketts here, which I will forward you to-morrow. 

Yours very truly, John J. Clabkb, 

Washington <& Georgetown Railroad Company. 

To Whomever it may Concern : Gbobgbtown, D. 0., June 17, 1891. 

We have tested the cement furnished us by Mr. J. J. Clarke, said to be Medicine 
Lodge cement, .with the following results : 

No. 1 broke at 874 pounds after 24 hours, and 630 pounds after 7 days. 

No. 2 broke at 825 pounds after 24 hours, and 698 pounds after 7 days. 

No. 3 broke at 402 pounds after 24 hours, and 678 pounds after 7 days. 
This was all mixed neat, with water enough to make stiff plaster. 

D. J. GABIiL, 

Assistant Engineer W. R. db J. N. Co, 

They make, at Medicine Lodge, several of the ordinary products of gypsum, but 
the chief is the fine white plaster known as Eeene's cement. It has long been used 
by the builders of England and France for the best kinds of work, and it is now 
produced in Kansas. It has gone into large buildings in many of the great cities — 
Chicago, D'enver, St. Louis, New York, and Washington — and the amount made is 
steadily increasing, as will be seen by the following figures. 
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T>i.i-.^n»44/%» i» iQoi i Keene'8 cement, 203 tons. 

Production m 1891 ^ Other products, 147 tons. 

First six months, 1892 Eeene's, . . 345 tons. 

Second six months, 1892 Keene% . . 490tons, 

First six months, 1892 Other products, 225 tons. 

Second six months, 1892 Other products, 340 tons. 

The small area of gypsum in Sumner oonnty, northwest of Qenda Springs, is at 
the same horizon as the Saline oonnty gypsnm. It is hard, and has been quarried 
as a marble. Some business blocks in the city of Wellington were built of it. The 
stone is both handsome and durable. I have seen an outcrop of the gypsum in 
western Barber county that is hard and marble-like. It is not as accessible as that 
now being used for plaster, but in time, probably, other beds will be found that will 
be useful in buildings. 

OEMBNT. 

There are several beds of limestone and limy shales in the State that make ce- 
ment that will set under water. TRe concretionary, massive limestone already men- 
tioned, and known at Fort Scott as "the cement rock," has been used for many years 
for the manufacture of a good hydraulic cement. There are two firms engaged in 
producing this material, which has an established place in the market. There is an 
hydraulic limestone in Wyandotte county, and one at Milford, in Geary county, and 
these two were combined at the works in Kansas City, Eas., and for several years a 
^useful product was made; but competition of other articles. made with less cost has 
eventually caused the stoppage, at least temporarily, of these works. At Manhattan, 
in Riley county, and near Alma, in Wabaunsee, there are beds of shale that, while 
worked, produced a good quality of cement. There was also for a time cement 
made in Douglas oonnty. It is not unlikely that some of the beds of the Niobrara, 
in the western part of the State, may have a value in this direction; but so far, only 
the strata of the carboniferous period have been proved useful for hydraulic cements, 
and the manufactories at Fort Scott are the only ones that have withstood compe- 
tition of older cements, and are now permanently established. 

LIMB. 

The making of lime in Kansas has scarcely attained to the dignity of an indus- 
try. The rough limestones of the coal measures have served for local supply in the 
eastern fourth of the State. Hundreds of farms have their old lime-kilns. As the 
railways developed, lime was brought from Missouri and elsewhere, where the' quality 
of the stone allowed it |to be made more economically. The sub-carboniferoos 
limestones of .the zinc- producing area have also supplied some lime, and there is 
permanent lime making at Fort Scott. There is a native lime in several western 
counties — Dickinson, Gove, Hamilton, Kearny, Rawlins, Rooks, Sedgwick, Saline, 
Seward, Meade, Marion, and Logan — but for making mortar it does not appear to 
answer very well. 

There is, however, a limestone in the Permo-carboniferous formations that has 
been shown to have commercial value for making lime. It is the lower flint beds, 
the No. 5 of the Fort Riley section. For a number of years lime has been made 
from it at Wreford, in Geary county, and I have elsewhere called it the Wreford 
limestone. It outcrops on the Fort Riley reservation, and further to the northeast 
in Riley county. It has also been utilized for lime rather extensively near Council 
Grove, in Morris county. Both from there and at Wreford the lime has been shipped 
in large quantities. The upper flint beds will also yield good lime in localities. 

Some of the chalky limestones of the Niobrara and Benton will pro|;>ably yield 
some lime. 
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BUILDING STONE. 

The building stones of Kansas, to be exhaustively treated, woald require mnoh 
more space than can be given to them here. It must be si^ffioient to indicate their 
locality and their geological position with such incidental addenda as will help to 
ehow their importance. We will notice the prominent 

LIMBSTONES AND MABBLB 

J'irst. The sub-carboniferous limestones of Cherokee county have been much ex- 
ploited for foundations, and recently more compact beds have been found that yield 
a fair quality of dimension stone. The rough Pawnee limestone, from north of 
Port Scott to western Crawford county, though usually too much in broken layers, 
has in some places massive beds which have been more or less infiltrated with silica, 
and can be had in large, hard blocks which take a high polish. The next heavy 
limestone to the west, forming the floor of the sloping prairie of Allen and Neosho 
•counties, though often soft and frequently rendered porous by decomposed fossils, 
has many areas of excellent stone of great thickness. The dark crinoidal mabblb of 
the Verdigris valley, near Independence, belongs to this horizon. It takes a high 
polish, and will sometime take high rank as material for the best buildings. The 
lighter colored Iola marble belongs to this formation. It exists in a massfve bed 
without cracks or flaws, 30 feet thick, g^oing below the level of a small creek, on 
the side of which it outcrops. It is already being quarried with the aid of the most 
approved machinery, and is cut by saws into slabs of any size, up to 20 or 25 
feet long, 6 or 8 wide, and any thickness. It can be polished, but it makes a very 
handsome material for public erections without, and will serve well for the floors of 
euch buildings as the capitol and large hotels. It is almost entirely a carbonate of 
lime, and of the requisite degree of hardness and crystallization to be called a 
marble, and these characteristics are vouched for in the following reports: 

DePABTMENT OT the InTBBIOB, U. S. QsOIiOGIOAIi SlTBVBY, ) 

Division of Chbmistby, Washington, D. C. ) 

Report of analysis No. 1161. Stone from lola, Kansas: 

-Carbonate of lime 97.94 

Carbonate of magnesia ^ 1.07 

Oxide of Iron 29 

Sand and clay 86 

Water 04 

Examined by H. H. Stokes, and reported March li), 1891. 

F. W. Clabkb, Chief Chemist. 

Microscopical analysis, by Prof. E. Haworth, Penn College, Iowa: 

" 1. The rock is perfectly sound throughout. No signs of rottenness or decay 
could be found. 

**2. There seems to be a total absence of small portions of impurities which would 
decompose by weathering and cause the rock to crumble. Different compounds of 
iron, such as the sulphide or carbonate of iron, if present, would easily change on 
exposure to the atmosphere, and thereby destroy the value of the rock. But no 
trace of either could be found. 

*' 3. The value of such a rock as this depends largely on the degree to which crys- 
tallization has developed within it. A most careful microscopic examination shows 
that no less than nine-tenths of the rock is composed of crystals and consequently 
it is adapted for use the same as other marble.*' 

The crushing strain of this stone has also been tested by the supervising archi- 
tect of the Treasury Department, at Washington. Four two-inch cubes were treated 
in the usual manner, with the following results: 

No. 1 cracked at 48,450 pounds; crushed at 53,200 pounds. 

No. 2 cracked at pounds; crushed at 41,000 pounds. 

No. 8 cracked at 42,000 pounds; crushed at 47,840 pounds. 

No. 4. cracked at pounds; crushed at 85,415 pounds. 
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Of this stone the quantity is simply inexhaustible. Other limestones of the ooal 
meaanres are useful for building in all the northeastern counties, some in Brown 
oonnty and Nemaha haying an approximation in texture to the better known Permo- 
oarboniferons limestones further west. Wyandotte oounty has, however, probably 
done more than any other eastern oounty in developing its building material, and 
there are fiye quarries where limestone of fine quality is sawed and shipped for 
building purposes. There is also an excellent dimension limestone at Leayenworth. 
There has for many years been a quarrying industry in Marshall oonnty, at Beattie, 
Bigelow, and one or two other points. The stone is a buify white, but in places be- 
comes a lavender blue, which is very handsome. The horizon of this stone is near 
the top of the Manhattan beds, and so is practically the same as the very handsome 
white stone which is quarried southwest of Manhattan, which is hard and durable. 
The Marshall county stone is softer but hardens to the weather. There are other out- 
crops of this stone in Pottawatomie oounty, and on the Blue in Biley, and the sup- 
ply will meet all the demands of the future. 

The east wing of the Capitol at Topeka is built of stone from Qeary county. It 
is No. 11 of the Fort Biley section. It is a buify, soft, magnesian limestone, with 
very little magnesia. It works easily, and the surface hardens on exposure. Where 
first opened, this ledge unfortunately had many defects — small cavities, probably 
from decomposed fossils — but the other parts of the State House have been con- 
structed from the same horizon in the southern part of the State, where the stone 
has not the same defect. This is a very persistent horizon of good stone. It is 
worked at Junction City, Strong Oity, Florence, Augusta, Winfield, and Arkansas 
City, and is sent by the various lines of railway that cross it to all other parts of the 
State, and also beyond its boundaries. The Government building at Topeka, and 
the court-house at Wellington, with several buildings at Wichita, are fair examples 
of what can be done with this extensive deposit. 

Prof. F. W. Clarke, chemist of the United States Geological Survey, has given 
the following analysis of the Cowley oounty stone, which is not very different from 
the analysis that would be made of samples obtained at any of the other places 
where this stone is worked: 

AHAIiYSIS OF OOWI«BY OOUNTT STONB. 

Silica 5.27 percent. 

Water 78 '* 

Ferric oxide 71 '* 

Ferrous oxide ' 32 * * 

Alumina 1.07 *' 

Carbonic acid 40.34 '* 

Lime.i 60.36 ** 

Magnesia 56 " 

Sulphnric acid 07 ** 

Phosphoric acid 06 " 

Soda. 20 

Potassa .10 ** 

Total 99.84 per cent. 

Matter dried at 100<^. 

The stone was also tested for strength in Washington, and the two-inch cube 
crushed at 29,490 pounds. 

The gypsum marble of Sumner oounty and similar material in Barber county 
have already been referred to. A similar material, possibly l^ardened by siliceous 
infiltration, exists in Clark and Meade counties. 

The Benton limestones, from Cloud and Bepublic to Bussell county and Meade, 
yield soft layers that are good building material. Many of them have an iron stain 
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that gives a warm tint to the stone, and some of them have this stain in a broad 
streak in the middle of the layer. ^This gives a very handsome appearance to some 
baildings in Beloit, Lincoln, and other towns. A residence in the west part of Abi- 
lene, seen from the Union Pacific railway, is a good example of this stone. In 
Lincoln coanty, in a very limited area, one of these Benton strata is a marble. It 
takes a high polish. Its hardness seems dae to an infiltration of silica. As the 
tertiary siliceous formations overlie the cretaceons more as we go west, and have 
cansed much infiltration, it is not improbable that in the region where they are re- 
moved by erosion that other hardened limestones may be fonnd. 

The Niobrara chalks and chalky limestones yield some material for bailding. 
This is true in Osborne, Books, Ness and Trego counties, and will probably be also 
true in Smith, and Phillips, and Graham. Most of these stones are, however, too 
soft. On the other hand, some chalk that can be easily whittled with a knife, sawed 
into blocks is a useful building stone, when laid in the usual manner with the grain of 
the stone horizontal. The depot at Wa Eeeney is a good example. The same stone 
in fence walls also is durable, but when it is laid edgewise it weathers into thin laminse, 
and the frosts of a few winters destroy it. The more compact stone in Osborne and 
Ness counties is sufficiently durable for all ordinary buildings. Some, as may be 
seen in buildings in Osborne City, takes a beautiful satin finish. The infiltrated 
**bell rock" of Trego county is so far known only in limited areas. 

SANDSTONE. 

In Doctor Day's ** Mineral Statistics of the United States for 1889," the total value 
of sandstone quarried is put at $10,816,057, which is the product of forty States and 
Territories. Kansas stands thirteenth in the list, with a product of $149,289. The 
counties returning that output were: Bourbon ($90,000), Phillips ($35,086), Rawlins 
($18,000), Orawford, Woodson, Olark, Wilson, Kingman, Harper, and Oomanche. 

In this statement it is seen that the counties of the coal- measure area — Bour- 
bon, Orawford, Woodson, and Wilson — are most prominent in the production of 
sandstone, and this is more prominently true now than 1889. In Cherokee county, 
the sandstone quarries are yielding some good flags for sidewalks, and quite an in- 
dustry of this kind has recently been developed in Woodson county, near Yates 
Center. But the best quality of flagging, probably as good as any in the country, 
is that obtained on the sandstone plateau of Bourbon county, and stretching south- 
ward into Crawford county. The sandstone is in beautiful even layers. Each layer 
maintains its own thickness through a considerable area, but the series embraces 
beds varying from 2i to 8 inches thick. GilfiUan and Pawnee have produced 
fine material, but the best known product is that of the Bandera Company, whose 
quarries are west of Redfield. There are over 40 layers in these quarries, and flags 
15 feet by 10 feet are a common occurrence. This material is known as Fort Scott 
flagging, and has been extensively used at Topeka, Wichita, Kansas City, Fort 
Riley, and more distant places. 

Sandstone has been little used for building, but there are massive beds in Green- 
wood, Woodson, Wilson, Elk, Chautauqua and Montgomery counties, which will, 
without doubt, be so used some time. Many railway bridge abutments in the south- 
western counties are built of this material. The material in the red-bed counties, 
Harper, Kingman, Barber, and Comanche, is not so good, but in the last named and 
in Clark there are the Trinity and possibly some other beds that will be useful. Much 
of the Trinity is, however, soft and not very coherent. 

In north-central Kansas we have the Dakota sandstones. Some of these are 
gray, some dark iron-brown. They have been only locally used, but there are valu- 
able beds in Washington, Cloud, Lincoln, Saline and Russell counties, and when 
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sandstones are in demand, they will be foand in other ooanties. The traveler on 
the Union Pacific railway may note examples of the dark sandstones in the school- 
house at Brookville, in Saline ooimty, and in the depot at Wilson, in Ellsworth 
county. There are Dakota sandstones in Ford county and Hamilton. 

The sandstones of Phillips and Rawlins are of the tertiary grit, and are meta- 
morphosed by infitrations so as to become a qnartzite. It is as hard as granite, and 
has been shipped to the Missouri riyer towns, outside the State, in the form of 
paving sets. The tertiary grit has hard beds of sandstone, all more or less infil- 
trated. This is the case in southwest portion of Norton county, and more decidedly 
in Seward county, on the Oimarron river. 

OBNAMBMTAIi 8TOMBS. 

• 

In northwestern Gove county, and in other parts west of the 100th meridian, the 
tertiary grit contains in its softer beds hard, fiinty nodules which suggest concre- 
tions, but they have no concrentric structure. They seem sometimes to be a pure 
flint, but less translucent. Some have a faint pink tint. All have the dendritic 
delineations known in moss agates. They have a more or less fiinty fracture and 
take a high polish. The dendritic forms are distributed from the surface inward. 
The late Joseph Savage, of Lawrence, introduced them to dealers in gems in Denver, 
and they have now for several years been using the Gove county agates in their 
sales of polished stones as Colorado specimens. They are found all over the plains, 
but these in Gove county are about the best. They can be used for inlaid work. 
They appear to be the hard, nodular masses referred to in the tertiary geology, 
further indurated and metamorphosed by infiltration of siliceous matter. 

The fiint beds of the Fort Biley section, both upper and lower, yield round nodu- 
lar flints in layers. These flints have concentric stains, not layers, and, as they take 
a good polish, they can be used for paper weights. I have had good specimens 
from the quarries both at Blue Rapids and Wreford. 

It has already been noticed (geology of the Niobrara, ante) that the chalk of 
Norton county has in many places suffered metamorphism by siliceous infiltration 
and has become jasper. Some of the specimens take a high polish, and where the 
chalk was banded it has become a banded jasper, some of it suitable for cameos. 
The place where this infiltration of the Niobrara beds has been most extensive is in 
the valley of the Saline, near the southwest corner of Graham county and the ad- 
joining parts of Trego and Gove. There the entire mass of the chalk bed is silici- 
fied, has a clear ring under the hammer, and breaks into splintery fragments with 
sharp edges. It is the weathered portions that are most jasperized and take the best 
polish. Of this Graham county stone, Mr. Savage, some years ago, sent specimens 
East, and some were used for ornamental work by the firm of Tiffany, of New York. 
In an article on precious stones, in 1888, in the report of Albert Williams, jr., on the 
mineral resources of the United States, George F. Eunz, the celebrated gem expert, 
writes of this Kansas stone as follows: 

i' . . . Near Colly er, Graham county, Kansas, is a bed of banded jasper. The 
colors are mainly red and yellow, with bands of white, and these bands are so remark- 
ably even that the stone would furnish an excellent material for cameo work. 
Should this style of jewelry come into vogue again, this may prove of considerable 
valne; as it is, the beautiful red and yellow are so strikingly relieved by the white 
that it makes fine ornamental stone." 

It may be noted that OoUyer is not in Graham county, but it is the nearest rail- 
way station to the locality which is described above. 

In sinking the salt shafts at Kingman, seams of alabaster were passed through. 
They were highly colored, were semi-translucent, and as hard as the specimens from 

—6 
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Derbyshire, England. This material is snsoeptible of high polish, and many paper 
weights and larger slabs were made of the polished specimens. The supply was 
soon exhausted, as it was only within the area of the shafts that it was taken. It 
may, however, be some time foand in other parts of the gypsif erous red-bed area. 

Notioe has already been taken of the marbles of the gypsnm and limestone 
regions. 

The immense quantities of large bowlders of qnartzite and other hard stones 
in the moraines of Wabaunsee, Shawnee, Douglas, Jaokson and other counties of 
the glaciated area will some time possibly be used for buildings as well as for orna- 
mental purposes, as is the case in Dakota. 

CLAY. 

There are several products of clay now made in Kansas. The principal are — 

Common bricks. 

Pressed bricks. 

Vitrified bricks. 

Draining tiles, 

Pottery. 
The existence of brick clay is reported in 61 counties of the State, and pottery 
clay in 14 counties. The quality of the material is various, and the use of it has 
been fluctuating, but the occurrences of deposits of the best material are not de- 
creasing, but are being constantly found in new localities. Clay for bricks has been 
used of an inferior quality, to meet a local demand for chimneys, etc., m frame 
buildings, but better material is constantly being found, and more care in the ma- 
nipulation has resulted in a product of higher value. ' Time was when all bricks of 
the best quality had to be brought from St. Louis or other outside places for the 
better buildings in our cities and towns; now the finest of brick buildings can be 
made of Kansas bricks. 

Most of the clays used in brick making are surface deposits of the quaternary 
geologic period, and as these are found plentifully in every county east of the 97th 
meridian, all the eastern counties have abundance of excellent material for bricks. 
The quaternary clays are less plentiful further west; but even in the most western 
valleys there are alluvial clays of a sufficiently good quality for common bricks. In 
the eastern counties, it is sometimes the loess that is the brick clay ; more often it is 
a washed- over loess or a modified hard-pan. There are many beds of so-called 
^^ joint clay** that have not yet been tested, though likely to yield good material. In 
the west the plains marl has occasional areas where its argillaceous ingredients pre- 
ponderate, but mostly its limy parts so prevail as to make a poor brick. Where the 
lime has been reduced by the growth of vegetation, bricks have been made of the 
slightly- darkened marl just beneath the surface sod. The result, however, has not 
been encouraging. The carbonaceous material is no better than the calcareous — 
the outcome is a light, porous brick. 

The eastern half of the State and some southern counties further west have 
abundance of material for excellent bricks of all kinds. Fluctuations in the busi- 
ness of brick making are due to fluctuations in settlement of the country, which is 
still young. Common bricks of very good quality are being made at Girard, Atchi- 
son, Paola, Leavenworth, Osawatomie, Coffeyville, Osage City, Wichita, Medicine 
Lodge, and nearly all the eastern counties. Johnson, Jackson, Brown, Nemaha, 
Doniphan, Cherokee, Elk, Labette and the rest make them from time to time, to 
supply local demand. 



J 
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Pressed briok has been made at Fort Soott, Leavenworth, Junction Oity, Wichita, 
and it seems to be established as a permanent industry at Kansas Oity, Eas. 

At Marion Centre briok has been made of a clay shale, of the highest Permian 
formation below the salt measures. In 1884, Professor St. John wrote : '* Some of 
the fine shale deposits occurring in the coal measures will probably be found ser- 
viceable for the manufacture of a superior article of bricks and moulded blocks." 
The occurrence at Marion may be taken as a verification of that prediction; but it 
is better illustrated by the recent development of the manufacture of 

VITBIFISD BBIOK. 

Atchison was the place and Thomas Seattle was the man by whom, and at which, 
glazed bricks for paving were first made in Kansas. This was in 1887. They are 
now made at Atchison, Leavenworth, Topeka, Osage City, and Pittsburg. 

If it is too much to say that these bricks are the best of all material for street 
paving, yet it is quite true that they stand in the very front rank. They are dura- 
ble, smooth, and not more noisy than asphalt or cedar blocks. The clay is a shale 
of the coal measures, more or less ferruginous and siliceous, and the glaze that 
comes on them in burning, which gives them their name, is probably silicate of 
iron. The iron existed in the first deposits at Atchison as limonite concretions; 
but these are not found in the shales at all the places. The standard size of these 
bricks is 8x4x2 inches, but I have measured some that are 2} inches thick, and 
some 4i- wide. Their weight is from 5i to 6 pounds, and Atchison bricks have been 
tested and have borne a crushing strain of 12,000 pounds to the square inch. There 
are streets in Atchison paved with these bricks that after five years show scarce a 
sign of wear. The clay bed at Pittsburg is underlain by the main vein of coal, the 
clay changing gradually to black shale immediately above the coal, and that cannot 
be used for the bricks. The clay there is 10 feet thick. At Atchison it reaches 25 
feet, and Topeka, Osage Oity and Leavenworth have intermediate thicknesses. The 
supply is practicably inexhaustible. The method of using these bricks in paving is: 
(a) Prepare the bed in the most approved method for foundation. (6) Place on the 
bed an even cushion of sand three inches thick, (c) Place bricks close together on 
the sand, resting on their broadest surface, so as to form a layer two inches thick, 
and put sand on to fill up the interstices. ((2) Put on the brick a cushion of sand 
one inch thick, perfectly even, (e) Place another layer of brick edgeways, so as to 
be four inches deep, and brush sand over till the interstices are filled. 

There is here a thickness of 10 inches, of which six inches is this hard but 
smooth briok. If the work is done properly, so as to keep the sand cushions in 
place, it is seen that this is a very stable pavement. One hundred and ten bricks 
go to a square yard. 

The method of making these bricks involves the use of the most-improved ma- 
chinery — grinding the clay on millstones and through rollers, wetting it in a closed 
mixer, passing it to the cutter as a long parallelopipedon, and cutting into lengths 
with a wire revolving at the same rate as the movement of the clay block, drying in 
sheds of regulated temperature (180° F.), and burning in kilns (down draft or other) 
of the best construction. With these methods the quantity of bricks already made 
is enormous. For 1892 the return is: Atchison, 4,000,000 bricks; Leavenworth, 
over 1,000,000; Topeka, 2,600,000; Osage Oity, 200,000; Pittsburg, 2,000,000. 

At Pittsburg there are nine blocks of streets, 76 feet wide, already paved. As the 
manufactory here only began in 1891, its export trade has scarcely begun. Topeka 
has 84 blocks paved with these bricks, and the works have shipped to places as far 
away as Goodland, Sterling, and Kansas City, Mo. Atchison has 8i miles of brick- 
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paved Htteeti, and baa shipped to Danver, Omaha, Sedalia, OhiUloothe, and Eaneaa 
City. 

At I/BBTenwoTth an improvement on the oomiuon bilck haa been made, by mix- 
ing the olay ahale irith tbe loeas wbioh is bo sbandant ia the neighboihood. 



Brick ebalB over coal diJft, Pittsburg. Ka9, 
t 

Clayi tor vitriBed bcioks are not oonQned to the looalitiea mentioned, aod aa the 
bciehs beeome more naed the iuda^tr; will beoome moie widely extended. Id 
Franklin ooonty day bas been fonad ot which the following is the analyeia, and a 
company formed to work it: 



The olay suitable for 
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getliog into a market against the competKiou of eBlablished potteries. The ooDn- 
tiee in which olay is reported ace Barber, Bourbon, Chaataaqaa, Cherokee, King- 
man, Leavenworth, Linn, Neosho, Osage, Ottawa, Pawnee, Reno, Rice, Saline, 
Franklin, bnt the prinaipal manufaotoriea are those of Foit Soott, in Boarbon 
oonnty, and Geneaeo, in Bioe ooanty, where a good qaalit; of brown asrthenwaie is 
made and eitensivel; sold. Ola; for Sner qaalities of ware ia believed (o eiisl, and 
ia ODB of the f ntare developmenta oonfldentl; eipeoted, and terra ootta is one of the 
poBsibilitiea. 

Drainage tilts are made at Barliagame and Paola, aod it »eema reaaonable to 
expect tbat rooQag tiles might be made, as rooQng slate does not exist nearer than 
the Bastern or Western moaDtalna, and even shingles have to be brought from (he 
distant pineries. 

There is flre-olay iji oonneotlon with the coal seams, bat aa yet no flre-bricks 
have been made. There seems no reason, however, why good briaks of this olaes 
shoald not be made, and also retorts for the silver and zino Bmelters. It is a qnee- 
tion of who will be the first by aotnal experiment to demotiatrate the value of the 
fire clays (hat are near the snrfaoe in the ooal ooanties, and Bo establish another 
valnable indnstry. At present fire-olays and flre-bricka are bronght from Illinois 
and Bt. Loais, and the Kansas prodncer woald have Che advantage of no freight on 
the raw material. 

MINERAL WATERS. 

That waters having medicinal properties exist in Kansas, has long been known. 
That they are noraeroos and yalnable, is less known. 4a a sonroe of wealth they 
have been little developed, and this mnat of necessity depend on the growth of 
popalation in the West and on the sorronndings of the partianlar waters. The re- 
ports of the United States svrvey on this snbjeot, made by Dr. A. 0. Feale, only deal 
with those waters which have a commercial valae by being shipped for sale. In 
1886 Dr. Feale reports 7 localities in Eansas of mineral springs or wells; 32 individDal 
springs; 6 springs that had been snb- 
jeoted to chemical analysis; 8 spring 
localities nsed as places of resort; 
bnt only 2 of these had reported 
directly to him. He gives no names. 
In 1888 be gives the names of five 
springs or wells as all of commer- 
oial valne: "Biasing's Artesian Min- 
eral Wells, near Manhattan; Conway 
BpringB, at Conway Springs, Bnm- 
ner connty; Oenda Springs, Cow- 
ley ooaoty; lola mineral well, Allen 
county; Topeka mineral wells, Shaw- 
nee county." 

In 1886 Dr. Peale, in a special bnl- 
letin of the United States aeol<%ical WBcoadB, or OcenC Bpitii apring. 

Survey (No. 32), gave the following 

list of Kansas wells, classifying them as saline, chalybeate, etc, aa in the fourth 
oolamn: 
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Name and location. 



Alma salt well, Alma^Wabaunsee Go. 

Arrington mineral springs,* . Ar- 
rlngton, Atchison county 

Baxter medical springs, Baxter 
Springs, Cherokee county 

Bonner^s Springs,* Tlblow, Wyan- 
dotte county 

Brom-magneslan mineral well,* In- 
dependence, Montgomery county, 

Granmer Springs, Conway Springs, 
Sumner county 

Flowing spring,* two miles south- 
west of Junction City, Davis Co. 

Fort Scott artesian well. Fort Scott, 
Bourbon county 

Gtouda Springs, Oeuda Springs, 
Sumner county 

Olrard mineral well,* Glrard, Craw- 
ford county 

Oreat Spirit spring,* Cawker City, 
Mitchell county 

Haddon mineral well,* Moss Sp^gs, 
Davis county 

Henek*8 Mineral Springs,* Arring- 
ton, Atchison county. ( See Ar- 
rlngton Springs.) 

lola mineral well, lola, Allen Go. .. 



Jordan's Springs, Jordan Springs, 
Beno county 

Lee's Springs, six miles east of Pea- 
body, Marlon county 

Louisburg gas wells, Louisburg, 
Miami county 

Louisville springs, Louisville, Pot- 
tawatomie county 

Manhattan or Kansas artesian min- 
eral wells, 10 miles from Man- 
hattan, Biley county 

Mineral spring, Atchison, Atchison 
county 

Moodyville mineral springs, four 
miles south of Blaine, Pottawat- 
omie county 

Mound Valley spring. Mound Val- 
ley, Labette county 

Murphy's Seven Sp'gs, seven miles 
from Junction City, Davis county 

Pflster's Mineral Spring,* six miles 
from Junction City, Davis county. 

Piqua mineral wells,* Piqua, Wood- 
son county 



Salt Springs: 
In northeast part of Stafford Co. 
' In sections 14 and 15, township 8, 
range 7 west, Mitchell county... 

Sulphur Springs: 

In section 35, township 7, range 2 
west,* Cloud county 

In Allen county. 
Tar springs, near Somerset, Miami 

county 

Wyandotte gas wells,* Wyandotte, 

Wyandotte county 
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Character of the 
water. 



Carbonated, sa- 
line, chalybeate. 
Chalybeate 



Calcic, carbo- 
nated 



Sulpho-sallne. 

Saline 

Saline 

Saline , 

Saline (?) 



Saline. 



Saline. 



Chalybeate 



Saline. 



Alkaline, etc 



Alkaline, calcic. 



Calcic. 



Bemarka. 



Used commercially 
and as a resort, 
do. 



Besort. 



Used commercially 

and as a resort. 
Local resort 

Besort. 



Used as a sanitarium 
and resort, and 
commercieilly. , 

Unimproved. 



Besort. 



Used commercially 

and as a resort. 
Has local reputation. 



Besort. 



Unimproved. 

Used to limited extent 
as resort. 



Of those marked (*) In the above list, the chemical analysis is given by chemists in and out of the 
State. With regard to the first of those called salt springs, it probably means the waters of the salt 
marshes, which rise from the basin as described under salt. Some large springs in the nelghborhoo4 
are not saline. The Mitchell county marshes have salt springs. 
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Dootor Peale*s liat inolades a few that are scaroeiy to be reckoned as mineral 
waters, only as all waters from nndergronnd carry some trace of the minerals oyer 
which or through which they flow, and these had been analyzed to see what they 
contain. Bat besides those in this list, there are many other springs and wells in 
Kansas that actually have medicinal yalne. In answer to recent inqairies, I haye 
statements of the location of mineral waters in 32 Kansas coanties. These indnde 
all of the aboye list, the more noted of which are, Fort Scott artesian well, Genda 
Springs, the Great Spirit spring, the lola well, Bonner Springs, and Arrington 
Springs. There are others that are likely to become as noted, and many of them I 
haye personally yisited. The coanties making these retarns are: 



County. 


Looaltty oT m<n«reil tocUer. 


Ckmnty, 


LooaUty of mineral uxUer. 


AUen 


lola. 


Logan 


South part of county. 


Barton 


Northeast of Great Bend. 


Marlon. 


Chlngawassa, Marlon, and east of 


Bourbon 


Fort Scott. 




Peabody. 


Butler 


Southwest from Douglass. 


Morton 


Blchfleld. 


Ohautaaqua . . 


Chautauqua and S. of Sedan. 


Mitchell 


Near Cawker (Great Spirit Spg.) 


Oherokee 


Baxter Springs. 


Nemaha 


4 miles north of Sabetha. 


Oowley 


Southeast of Arkansas City, and 


Osage 


Garbondale. 




Geuda. 


Pawnee 


Larned. 


Orawf ord 


Girard. 


Pottawatomie 


Moodyrllle and Onaga. 


Doniphan .... 


Baffle Sprlnas, northwest part of 


Blley 


12 miles S. E. of Manhattan. 




county. 


Sedgwick. 


11 miles S. by E. of Wichita. 


Franklin 


Williamsburg, Ottawa, and Lane. 


Shawnee 


Topeka. 


Geary 


Southwest of Junction City. 


Sumner 


Geuda Springs and Conway. 


Hamilton 


Coolidge artesian wells. 


Wabaunsee. . . 


10 miles northwest of Alma. 


Jewell 


Eight miles east of Mankato. 


Wallace 


Sharon Springs. 


Labette 


Mound Valley. 


Woodson 


9 miles west of Yates Center. 


Iieavenworth. 


Near Lansing. 


Wyandotte . . . 


Bonner Springs. 


liinn 


Mound City. 







The fact most important aboat the wells is, that most of the best are bored wells, 
with artesian flow. This is trne at Fort Scott, Topeka, Mound Valley, Great Bend, 
Larned, Biohfield, Ooolidge, Girard; and to these might be added Lawrence, Ober- 
lin, St. Mary's, and Wamego, where there is a small artesian flow of saline water. 
The waters at Mound Valley, Oberlin, Lawrence and Fort Scott probably all flow by 
gas pressure, while those at Wamego, St. Mary's and Richfield are most likely raised 
to the surface by rock pressure. 

The Coolidge wells artf not highly mineralized, and they are mostly used for do- 
mestic purposes and irrigation, but they have some mineral qualities. They come 
from the Dakota sandstones, about 300 feet deep. The Richfield water is from about 
€00 feet deep, and is more highly mineralized. This is true of the Oberlin water, 
which is a very small flow, but might be larger if the wells were cleared out. The 
well at Great Bend is strongly saline, and has other properties, but it has not yet 
been utilized. 

The well at Larned is the strongest artesian flow in the State. When measured 
by the writer three years ago, it gave not less than 800 gallons per minute. A large 
ewimming bath has been constructed and a series of private baths erected, which 
are much used, and the water is used internally, being reported valuable in rheu- 
matic and other affections. It is strongly saline, and also has other properties. 

The mineral waters of the places in whose names the word springs appears, are, 
of course, natural flows; Geuda and Baxter have long been known. Arrington spring, 
which is in Dr. Peale's liat, but of which no return has recently been made, is an iron 
tvcUery which owes its mineral qualities to a gravel which is manifestly a debris of 
the Dakota sandstone, which was probably put there in pre- or early pleistocene 
time, and covered up by quaternary deposits. Other springs in the glaciated area 
are chalybeate in character. The following is the analysis of the spring near Onaga, 
called Hoover's. The analysis is by Dr. Nunelly. 
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Sulphate of calcium 1.41 pralns. 

Chloride of calcium 39 

Chloride of ma^esla 1.29 

Chloride of sodium 2.46 

Arsenic 60 

Oxide of iron 2.22 

Sulphate of magnesia, not estimated. 

The water is soft, and has a temperatare of 60 degrees Fahrenheit. The flow 
from the main spring is about three gallons per minate. 

There oan be no qaestion bat that the salubrious air, the medium altitude and 
dry winters of western Kansas offer a good basis for health resorts for invalids for 
whom the greater elevation of Colorado is injurious. If these advantages were com- 
bined iwith means of bathing in or otherwise using mineral waters, a sanitarium^ 
properly advertised and fitted with the necessary accompaniments, would certainly 
be a hygienic success, and in time would recompense the investors. Hutchinson, 
Lamed, Great Bend, and Goolidge, in the Arkansas valley, Richfield and Meade Cen- 
tre, to the south, Oberlin, Ellsworth, and Cawker City, in the north, all have adTan- 
tages that might be developed in this direction, while the mineral waters of eastern 
Kansas will be of medicinal value to those who need not the additional advantages 
of altitude. 

GRAVEL. 

In the sixth biennial report attention was called to the existence of large quan- 
tities of gravel in western Kansas, arising from the breaking up of the tertiary con- 
glomerate of that region. The pebbles are of feldspar and quartz and other granitic 
materials, and it wiis suggested that. this was valuable material for concrete and as- 
phalt pavements. In the Neosho valley, in the region around Fort Riley, in Green- 
wood and other southern counties, there is another gravel of very different structure, 
but which promises to be of similar value for road ballast. It is not composed of 
rounded pebbles, but though way-worn ^ey are angular and sub-angular in form. 
They are fragments of chert, cherty limestone, and other impure limestones, which 
have resisted by their physical structure the abrasive forces to which they have been 
subjected, and have acquired a vitreous luster, and a smooth surface that seems to 
have prevented their further decrease in magnitude. On some slopes the chert, or 
as it is in some districts a real flint, is seen just broken out of the parent beds, and 
so with the limestones; and at lower levels the way-worn, vitrified gravels. Near 
Burlington the deposits are large, and from near Neosho Falls this material has been 
shipped to Kansas City. It has been used there for filling the interstices in block 
paving to the extent of 150,000 square yards. It has a value of $2.50 per cubic yard. 

This material has been extensively used by the railway companies for ballast. 
This may be seen at Arkansas City and lola. It not only is used on the railways, 
but has been applied on the county roads with fine effect. 

Another gravel is now on the market. It has already been described in treat- 
ing of the zinc and lead mining region of Cherokee county. It is the debris from 
the crushers and jiggers that extract the ore from the cherty material thus left be- 
hind. Its value as road metal is undoubted, the shipments from Galena reaching as 
much as 60 carrloads in a single week. There are immense quantities of uncrushed 
material in the dump piles of the lead district that probably will in time be worth 
crushing and using as macadam on county roads or ballast on the railways. 



OTHSB MIMEBAIiS. 

What other minerals will yet supply the basis of special industries in Kansas we 
know not, but there are several things that have had partial success in the trial. 



MINBBAL BES0UBCB8 OF KANSAS. 61 



Mineral paints haye been obtained from red-bed days at Kingman, and from 
ooherons days at Qnenemo, Leayenworth, and elsewhere, bat the demand for im- 
proyed yalnes being small, they haye not been persistently manof aotnred. It is 
said that a large furniture manufactory at Leayenworth is using one of the oohers 
yery successfully as a stain for wood. Oxide of zinc is also obtained in the zinc 
region and used in 1i manner similar to white lead. The silicate of zinc is being 
also employed as the base for the manufacture of zinc white, but it is sent out of 
the State for that purpose. 

ChcUk of a yery pure white is found on the Smoky and Solomon, in seyeral of the 
northwestern counties. It was once manufactured into whiting at WaKeeney, and 
both whiting and school chalk will probably yet be made in abundance. Ohalk will 
possibly also go to the formation of some plasters and cements. 

If eyer iron pyrites — sulphuret of iron — becomes of yalue as an iron ore, or as 
a source of sulphur, there is abundance of it in Cherokee county, and it occurs less 
plentifully in nearly eyery other county in the State. Ibon obb of the more useful 
kinds — hematite and magnetite — will certainly be found in quantity. The writer 
found a bed of soft hematite on Oayalry creek, northwest from Ooldwater, seyeral 
years ago, and lately Miss Best, of Medicine Lodge, has found that the sands of the 
Medicine riyer, and of its tributary. Elm creek, contain black grains of iron ore in 
considerable quantity. They are readily separable by the magnet, and under the 
glass resemble well-known iron ores from other regions. It will be interesting to 
trace this black iron sand to its parent bed in the lower cretaceous or red-bed forma- i 

tions of the Medicine riyer drainage basin. 

Meteoric iron has been found in seyeral counties. In Kiowa county, three years 
ago, were found oyer 2,000 pounds of the yariety known as Pallasite; 75 pounds of 
meteoric iron were obtained at Tonganozie, 160 pounds of the stony iron in Wash- 
ington county, and 1,000 pounds in Phillips county. Years ago there was one in 
Mitchell county, known as the Waconda meteorite. 

In Norton county and McPherson, and elsewhere, there are beds of yery fine 
powder, some many acres in extent and seyeral feet in thickness, which are useful 
as polishing powders, not eyen scratching silyer. The material is volcanic ash or 
glass that has been wind blown from the eruptiye centers in the West and deposited 
in the tertiary lakes. In Nebraska it is found in the latest tertiary beds, and as far 
east as Omaha in the loess. Some beds in Kansas are yery pure, and will some 
time haye a place in the useful arts. 

Forms of strontium (oelestite and strontianite) haye been found in Saline, Riley, 
Brown and Jefferson counties; the last probably in quantities used in crystallizing 
refractory sugar syrups. 

WATER. 

Though all water may be said to be of meteoric origin, yet there is an important 
sense in which it is a geologic product. The supply of it is directly dependent on 
the physical texture of the rooks on which it falls or through which it percolates. 
If the surface is compact, the rainfall rans off, instead of into the eartb,*and causes 
floods in the riyers. On the other hand, porous material — sand, grayel, loose soil — 
receiying the rains, passes the water readily downwards, and allows it to accumulate 
in fissures, cayities, and the pores of the lower terranes, whence it may issue as 
springs, at low leyels, or become the supply of artificial wells. 

Nearly all riyer and creek yalleys haye some alluyial deposits of sand and grayel 
below the surface soil, and these are water holders, which are eyery where useful as 
reseryoir supplies for the use of farm wells, and which are also ayailable for the 
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larger demands of Tillages and nrban oommunities. In these subterrene waters 
there is often a movement — a flow in the general direction of the valley — slow com- 
pared with the oarrents of surface streams, bat snffioiently perceptible. This may 
be called the undbbflow. It is found in the valleys of the Neosho and Smoky Hill 
rivers, as well as in those of the Prairie Dog, the Oimarron, the Stranger, and the 
Marais des Oygnes, and even of smaller streams. In places tfiis underflow is very 
restricted in its area, especially in the eastern parts of the State, where alluvia are 
often clays, while the gravels and sands are shut in by the more impervious strata. 
Yet towns in some eastern counties are well supplied with water from such sources. 

In western Kansas, where the sandy and gravelly alluvia are deeper in all the 
valleys as well as more continuous, the underflow is valuable not only as a source of 
supply for the domestic and manufacturing purposes of cities, but it is sufficiently 
plentiful and available to be useful for the irrigation of the land. Where the slope 
is sufficient, it may be led out to the surface by gravity through an open ditch, called 
variously a *' sub-canal" or "fountain," or, in other circumstance, it must be raised 
by the power of wind or horse or steam. 

Besides these valley alluvia, there is in the West a porous water holder underlying^ 
the higher levels of the plains, almost everywhere present in great abundance. It 
is the tertiary grit. Wells sunk through the superincumbent plains marl to the 
water of the grit find an unfailing supply. Single wells have, 'by the aid of a wind 
pump, supplied the wants of hundreds of cattle or thousands of sheep. An addi- 
tional pump would make many of these wells available for irrigation, and so render 
fertile 10 to 25 acres of land on many farms in the dryest years. 

There are many springs of great force in the eastern part of the State, but the 
most noticeable, as related to geologic structure, are a series found across the east- 
central part of the State. They come out of the limestones of the upper and lowex 
flint beds of the Fort Riley section, mainly the upper beds. They have worn out chan- 
nels both in the limestone and accompanying shales, and some rush out with great 
volume. They are found in Riley, Geary, Morris, Marion, Ohase, and counties fur- 
ther south. The Seven Springs, of Geary county, have been famous for their peren- 
nial flow of hundreds of thousands of gallons daily from the old Oalifornia days, for 
they marked a noted camping place on the Smoky Hill route. The Ghingawassa 
Springs, in Marion county, are of this series, and others in Morris and Geary are 
very large. 

In the west, the springs come from the top of the shales or limestones beneath 
the tertiary grit, and the streams (excepting only the Oimarron and Arkansas, which 
oome from the mountains) have no permanent water in their channels till they have 
cut to or near the bottom of the grit; and where the water is invisible at the surface 
it is usually found as underflow. 

There are comparatively few areas in the State where the conditions are favor- 
able to the ABTESiAN flow of wslls. Some such flows in the eastern part of the State, 
we have already stated, are due to gas pressure and rook pressure, and the westerly 
dip of the strata, combined with the increment of elevation in the same direction, is 
unfavorable to the expectation of artesian flows from the waters of the sandstones 
or other porous strata of the region. 

In the west, the easterly dip makes a favorable condition, but other circumsttincea 
are such as not to warrant sanguine expectations; yet the Larned flow, and some 
considerations connected with the Scott county dosed basin, mfght lead to prog- 
nostics for parts of the Pawnee valley for results as favorable as those at Goolidge, 
in the Arkansas valley, or at Richfield, in Morton county. The Meade county area, 
on upper Orooked creek, which has upwards of 100 artesian wells yielding from lO 
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to 60 or 70 gallons per miniite, has its supply from the grayel and sand of the ter. 
tiary grit, wfaieh is loeally eoyered with a stift, light-eolored, soapy elay, which holds 
the water down till the drill taps it. These wells are all shallow — from 60 to 160 feet 
deep — bat their flow is undiminished after years of running, and notwithstanding 
that the grit a few miles away is supplying permanent water to Spring oreek. Both 
the artesian wells and the waters of Spring oreek are osed for irrigation, and there 
are Tslnable farms now on lands that woold haye been abandoned in the drouth of 
a few years ago but for this supply. These waters also supply seyeral oarp ponds. 

SOIL. 

''Whereyer the surface of the earth is not eoyered with water, and is not naked 
rook, there is a layer of earth more or less mixed with the remains of animal and 
yegetable substanoes in a state of decomposition, which is commonly called the 
soiLP So say the dictionaries, and the condition of haying the decayed yegetable 
matter is accepted usually as the first quality of a soiL The more fcumtis it con' 
tains and blacker it is, the more generally it is bdieyed to be a good soil. And yet, 
in their origin, soils are a geologic product. Being on the surface, they are the 
latest geologic product; and before any yegetable matter was in them they were 
capable of holding the roots and sustaining the life of yegetation. As soon as they 
were bom from the waters that deposited them or were loosened from the rock of 
which they formed a part, they began to be soils, and by being soils — the home of 
growing plants — they became better soils. Bulletin No. 10 of the chemical diyision 
of the United States Department of Agriculture, by Edgar Richards, puts the facts 
of the origin of soils so concisely, that we quote: 

ON THX DSBiyATION AXO THE VOBMATION OT SOIL. 

''All soils are the result of the natural disintegration of the rocks by atmospheric 
agencies, mingled with decayed yegetable and animal matter in greater or less pro- 
portion. If natural agencies, such as glaciers, rain, frost, wind, etc, did not come 
into play and wash and transport the materials of soil to a greater or less distance 
from their sources, the soil of eyery locality would be simply the decayed upper 
surface of the underlying rocks. But in proportion to the slope of the ground and 
the actiyity of the agents aboye mentioned, the soil is transported from higher to 
lower levels, and in many cases a good soil may be found ooyering rocks which of 
themselves would only yield a poor soiL 

OOMPOSITION OF THB SOIL. 

'' Soil is a mixture of sand, either quartzose or f eldspathio, clay, carbonate of 
lime, and humus or organic matter, and on the preponderance of one or more of 
these constituents the usual classifications of soils are based. 

OBMXBAIi OIiASSIFIOATlON OF SOILS. 

*' Soils are usually classified as sandy, sandy or light loams, loams, clayey loams, 
heavy or retentive clays, marls, calcareous loams, and peaty soils. This classifica- 
tion has reference chiefly to composition and texture, a special chemical com- 
position, siliceous, calcareous, etc., being necessary for the profitable growth of 
particular crops, and a certain mechanical texture, friable, porous, etc., suiting best 
for the permeation of rain and air, and the spreading of the roots of the plant. 

'* Loams, which may be considered as typical soils, are a mixture of sand, day, 
and humus, which are spoken of as light when the sand predominates and as fieavy 
when the clay is in excess. These terms, ligM and ?ieavy, do not refer to the actual 
weight of the soil, but to its tenacity and degree of resistance it offers to the imple- 
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mentB need in cnltivation. Sandy soils are, in the farmer's sense of the word, the 
lightest of all soils, beoaase they are the easiest to work, whilst in aotaal weight 
they are the heaviest soils known. Clay, though hard to work on aoooant of its 
tenacity, is oomparatively a light soil in weight. Peaty soils are light in both senses 
of the word, being loose or porous, and having little actual weight. 

« 

OBOLOaiOAIi OIiASSIFIOATION OF SOIIiS. 

"Whatever their composition and texture, soils are, from a geological stand-point, 
mainly of two sorts: soils of disintegration and soils of transport. Under the 
former are comprehended such as arise from the waste and decay of the immedi- 
ately underlying rooks, the limestones, traps, granites, and the like, together with a 
certain admixture of vegetable and animal debris; and which are directly influenced 
in their composition, texture and drainage by the nature of the subjacent rocks 
from which they are derived. Uoder the latter are embraced all drift and alluvial 
materials, such as sand, shingly debris, miscellaneous silt, and clay, which have been 
worn from other rocks by atmospheric agencies and transported to their existing 
positions by winds, waters, or ancient glacial action. 

DIFFEBBNOB BBTWBBN THB SOIIi AND THB SUBSOIIi. 

" Besides the soils proper, which come immediately under cultivation, there are 
in most places a set of subsoils, differing from the true soils, and which cannot be 
ignored. The true soils are usually of a darker color, form the larger admixture of 
humus, whilst the subsoils are lighter in hue, yellow, red, or bluish, from the greater 
preponderance of the iron oxides. The soils are more or less friable in their text- 
ure, whilst the subsoils are tougher, more compact, and more largely commingled 
with rubbly and stony debris. The soils are usually a little more than mere surface 
covering, whilst the subsoils may be many feet in thickness. 

WEATHBBING OF THB BOOKS AND FOBBIATION OF THE SOIIi. 

**A11 exposed rocks break up in course, of time under the continued action of 
atmospheric agencies, however hard and refractory they may be. These agencies act 
both chemically and mechanically. The rain, owing to the absorption of carbonic 
acid from the atmosphere, acts chemically on the rocks by its solvent action, and 
also from its oxygen combining with substances not yet fully oxidized. Its me- 
chanical action appears in its washing away the finer portions of the disintegrated 
rock or soil from higher to lower ground. The changes in temperature have a 
loosening influence, by causing alternate expansion and contraction. The atmos- 
phere itself acts chemically upon the rocks by the slow oxidization of those minerals 
which can absorb more oxygen, and the production of carbonates and bicarbonates 
whose solubility still further aids disintegration. These disintegrating agencies 
are still further aided by the root growths of plants, by the burrowing of worms 
and other earth-dwelling creatures, and in no small degree by the generation of 
organic acids, humic, crenic, etc., by organic decay. 

**From the hardest granites, basalts, and lavas, to the softest limestones and 
marls, all are undergoing this disintegration; and the soils to which they give rise 
will vary in depth, composition, and texture, according to the softness and mineral 
character of the rooks and the length of time they have been subjected to these 
agencies. 

''According to Darwin, the solid rocks disintegrate even in countries where it 
seldom rains, and where there is no frost. De Eoninick, a Belgian geologist, is of 
opinion that such disintegration may be attributed to the carbonic and nitric acids, 
together with the nitrates of ammonia, which are dissolved in the dew. 

" The rooks which weather most easily and rapidly do not always exhibit most 
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fioil; very often the reverse. A pore limestone wonld exhibit hardly any weathered 
band or soil, because the carbonic acid of the rain woold almost at once dissolye 
and remove the particles it acts npon. Even in the case of igneoos rocks, their 
composition may be sach that those which weather the most rapidly wonld, like- 
wise, show littte of a weathered band, owing to the same solvent action. 

THB SOILS FOBMBD BT THB DIVFBBBNT OBOIiOOIOAIi FOBMATIONS. 

'*The rooks of which feldspar is one of the constituents are the origins of tl^ 
clays and potash which are met with in all arable soils; feldspar is a silicate of alu- 
minium and potassium, which on disintegration forms clay, a silicate of aluminium 
and a silicate of potassium. 

"The primitive and igneous rocks yield soils rich in potash, and the fossilif erous 
rocks those rich in phosphoric acid. 

THB DENUDATION OF THB SOIIi. 

''The same agencies which form the soils are also wasting and carrying them 
away. Daring every rain storm transportation of soil goes on, as the brooks and 
rivers show, after heavy, long-continued rains, by the yellow, muddy color of their 
waters, that they are carrying a vast quantity of sediment towards the sea. The 
running streams bear along the transported matter, and gradually deposit it as the 
current diminishes in velocity, the very finest particles being carried as long as the 
stream remains in motion. When a river reaches a flat or level tract, and over 
which its waters can flow in flood with a slow motion, the suspended matter, consist- 
ing principally of sand and mud, is deposited, and constitutes the alluviumy or new 
land, formed by such deposits at the river's mouth or along its banks." 

Soil varies f r6m the structure of coarse gravels to that of the most tenacious clays. 
It may be loose sand or obdurate rock, for even on granite such vegetation as lichens 
will find a home. The authority previously quoted says: ''Those soils are best 
adapted to agriculture which consist* of a mixture of sand with a moderate quantity 
of clay and a little vegetable matter." It should be noted, besides, that soda, lime, 
magnesia, potash and iron are desirable ingredients in most soils, and it is a for- 
tunate fact that they are mostly present in greater or smaller quantities in all soils. 
The mechanical condition, in which the materials which the roots of plants absorb are 
found, is much more important in a soil than the actual quantity contained. This is 
obvious from the fact that the amount of matter absorbed from the soil is very small 
as compared with the weight of the mature plant, whose principal bulk is obtained 
from air and water. One of the desirable physical conditions of a soil is certainly 
that of having the right ingredients of plant food finely comminuted. Another is 
that the soil shall be easily penetrable by water. This last is so important, that 
in the great West, where aridity or semi-aridity must be removed by irrigation, it 
scarcely matters what other characteristics a soil has. Gravelly soils under irriga- 
tion give as fine crops as the black humus of moister regions. 

The soils of Kansas are the mineral resource most widely distributed. They are 
everywhere. The plains marl of the west and the loess of the east are deposits cov- 
ering high lands and slopes, in which all plants will grow. The latter is affected by 
oak trees, and the vine thrives upon it. The former gives immense areas for wheat 
and all other grain. These formations are the direct product of the last great geo- 
logic agencies — the waters that flooded the plains previous to and during the great 
loe age. Since then the allavia of all river valleys have been formed — sandy or ar- 
gillaceous, and made of the ingredients of the former and the admixture of the 
newer debris of limestones, shales and sandstones from near or far. In many val- 
leys — the Eaw, Neosho, Marais des Oygnes, Marmaton, Stranger, Blue, and Verdi- 
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gris — the posseesion of the newer soils by vegetation has be6n so long and nnder 
snoh favorable conditions, that a deep, black mould has been formed, sometimes 
three and four feet deep. Further west the black hnmns is not so deep, but the snb- 
soils are trne soils to their very bottom — lake silt, with all ingredients finely com- 
minuted. In some of the eastern counties, the red loess has, under the influence of 
vegetation, become a blackish brown, known as a mulatto soil. Sandy bottoms have 
also acquired the vegetal characteristics. There is in some valleys, from the Solo- 
mon to the Marmaton, a transported soil, which at first is very intractable, but 
which is finely comminuted, and under right weather conditions is very fertile. It 
is the soil of bottom lands or slopes which have been formed from the breaking up 
of neighboring blue shales. It is a stiff clay soil, which retains water on the surface. 
Under right conditions it produces large crops. It is often called gumbo. 

There are mounds and promontories with flat tops in eastern and central Kansas 
which have a ihin^ sedentary soil (soil of disintegration) formed from the decay 
of limy shales and limestones, which is not a rich soil, but it is only the thinness 
that is the fault, and this pertains to the edge of the flat tops. Further on the sed- 
entary soil is deeper, and the results are not to be distinguished from the product 
of adjacent high land which may be covered with a thin deposit of loess. There is 
a red soil in the red-bed region that is sedentary, also, though thin on the slopes of 
the '* ferruginous, arenaceous, argillaceous red limestones" and shales, is scarcely less 
productive than the red alluvial deposits of the valleys, which are as fertile as any 
soil in the country. 

We have not space here to classify all the soils of Kansas, but we have perhaps 
indicated how the various kinds may be known as to their geologic relations, which 
relations are the reasons why they occupy so important a place in the MiNEBAii Re- 
90UBCES OF Kansas. 
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